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Abstract 
Solvent selection and design are imperative in the CO2 capture process. The efficiency and the overall 
cost of the process are directly affected by the solvent as a consequence of the ffec  of solvent on 
factors such as CO2 absorption capacity, size of equipment, and solvent regeneration energy. This 
review paper aims to review the most important solvents and mixtures of solvents, absorbing CO2 via 
chemisorption, physisorption and chemi-physisoprtion. Characteristic and structure of different 
solvents are presented with the advantages and disadvantages of each being highlighted. M xtures of 
solvents include chemical or physical solvents only, and combinations of physical and chemical 
solvents are categorised. In addition to common solvents, phase change solvents are also described. 
Once a comprehensive list of solvents is presented, different methods of solvent selection and design 
are illustrated, namely methods involving experiments, process and equilibrium models, predictive 
models, and computer-aided molecular design (CAMD). The importance of integrated solvent and 
process selection and design is also discussed. The most recent and selected progress studies in each 
section are reviewed in detail. 
Keywords: CO2 capture, physical solvents, chemical solvents, mixture solvents, solvent selection and 
design, integrated solvent and process design, CAMD. 
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1 Introduction 
CO2 capture, utilization and storage have been attractive and practical methods to decrease the amount 
of CO2 emitted into the atmosphere. All these three methods are important in the aspect of CO2 emission 
control. CO2 capture methods are utilized to remove the CO2 from different gas streams [1-3]. In 
utilization processes, the researchers tried to convert CO2 into more valuable components such as 
methane and in storage processes, the captured CO2 is stored by different methods [4, 5]. Anthropogenic 
sources of CO2 can be classified into different sectors with electricity and heat generation sector 
contributing most of it at 42% as shown in Figure 1. Anthropogenic CO2 from electricity and heat 
sector emanate from fossil fuel (i.e. coal, oil, and natural gas) combustion durng the energy generation 
process. To put this in perspective, coal combustion in a 500 MWe coal-fi red power plant produces 
8000-10000 tons of CO2 per day while a similar capacity natural gas combined cycle power plant 
produces about 4000 tons of CO2 per day. As these fuels are predicted to remain the main source of 
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electricity and heat in the foreseeable future (EIA, 2016), the sector will, therefore, remain a significant 
source of anthropogenic CO2 emission.  
Figure 1: Sources of CO2 (IEA, 2016). 
Technologies to capture CO2 are categorised to three approaches in literature as Pre-Combustion, Oxy-
Combustion, and Post-combustion [3, 6]. There are different separation methods that can be used in the 
above-mentioned approaches. Absorption, adsorption, membrane, chemical looping, hydrate based 
separation, and cryogenic [7-9]. The hybrid process attracts attention in recent y ars to overcome the 
disadvantages of the standalone method [10]. The choice of CO2 capture method considerably related 
to the type of the plant which is producing CO2 and the type of fuel utilized. 
1.1 Motivation of the study 
Solvent-based absorption methods are the most well-known and applicable techniques between 
different methods of CO2 capture [11, 12]. The available solvents that utilized for CO2 capture processes 
possess a number of weaknesses such as solvent degradation, solvent loss, high corrosiveness, and high 
regeneration energy. Therefore, there are four activities to decrease the operating and capital cost of 
solvent-based CO2 capture processes [13]:  
i. utilization of alternative solvents 
ii. utilization of alternative process configurations 
iii.  optimization of process flowsheet 
iv. Integration of energy with other sections of the power plant 
The first activity is the main subject of the current study. In order to make the CO2 absorption process 
more effective and commercially viable, it is necessary to recognise and design more energy efficient 
and environmentally friendly solvents that are specialized for the solvent-based CO2 capture processes. 
Continues literature reviews indicate the sparsity of academicals literature elated to the current subject 
of study. Mumford et al. [14] reviewed solvent based CO2 capture technologies. They revised a number 
of common physical and chemical solvents and briefly had a discussion about mixed solvents and their 
applications. Budzianowski [15] discussed and reviewed the different type of available solvents and the 
criteria for their selection. The authors introduced eight important criteria for solvent selection and 
illustrated that the future studies in this area should be conducted to presenting novel single and blend 
solvents. PZ, ammonia and amino acids were recommended by the author as promising solvents. 
Papadopoulos et al. [16] discussed the design and identification of amine-based solvents of CO2 capture 
using CAMD. The authors demonstrated the importance and effectiveness of CAMD method as a 
powerful tool for solvent screening and selection for CO2 capture. Available studies are devoted to a 
few numbers of solvents and there is not an exhaustive study which covers all the solvents in a classified 
manner. In addition, in this review paper, the authors tried to cover methods of solvent selection and 
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design with proper organization. It will be a helpful document for all the researchers working in this 
area.  
This review paper reviewed most of the available solvents and listed the advantages and disadvantages 
of each solvent. The characteristics of each solvent are also presented which provides a framework to 
compare the solvents for CO2 absorption. The criteria to select the chemical and physical solvents are 
illustrated in a systematic manner. This classification will help the reader to r cognise different type of 
selection methods and use them in future studies. 
1.2 Objectives of the study 
The aims and objectives of the current review paper can be summarized as follow: 
1. To review most of the available chemical, physical, chemical-physical, and mixture solvents. 
2. To list the advantages and disadvantages of each solvent. 
3. To present the characteristics of each solvent. 
4. To illustrate the criteria to select the chemical and physical solvents. 
5. To review the selection and design of solvents using experiments. 
6. To review the selection and design of solvents using process and equilibrium models. 
7. To review the selection and design of solvents using predictive models. 
8. To review the selection and design of solvents using CAMD problems. 
1.3 Outline of the paper 
After the current section, in Section 2 available solvents are reviewed. Details about solvents and their 
characteristics are provided. The solvents are classified into three class namely chemical, physical, and 
the mixture of solvents. The main criteria that must be considered to select the chemical and physical 
solvents are presented in Section 3. Section 4 is devoted to solvent selection or design using 
experiments. In Section 5, the solvent selection or design using process and equilibrium models are 
discussed. Section 6, is related to solvent selection or design using predictive models (such as quantum 
mechanical based models). In Section 7 the systematic method of solvent selection and design is 
described. In addition to single and mixture solvent design, the integrated solv nt and process design 
also considered in this section. In Section 8, the prospects of the study is illustrated. In Section 9, the 
conclusions and summary of the study are emphasized. 
2 Available solvents 
The most important part of the absorption process is solvent and its selection. In general, solvents can 
be classified based on properties [17] but in studies related to CO2 absorption, solvents are usually 
classified based on their type of reactivity in solution [18, 19]. Different families of solvents are 
chemical, physical, and mixture solvents. ILs are another family of solvents which can be used as both 
physical and chemical solvents. In addition to usual solvents, phase change solvents (biphasic solvents) 
are also reviewed in related sub-sections. 
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2.1 Chemical solvents 
Due to chemical reactions between solvents and carbon dioxide, these solvents are well-known as 
“chemical solvents”. Amines, salt solutions, ammonia are some examples of this type of solvents. There 
are two reasons that chemical reaction increases the CO2 absorption rate [20]: 
i. The chemical reaction between CO2 and solvent during the liquid phase reduces the equilibrium 
partial pressure and thereby increases the mass transfer driving force. 
ii. The chemical reaction causes the CO2 to be consumed at the interface and hence increase the 
CO2 concentration gradient at the interface. 
The main advantages of chemical solvents are relative insensitivity to acid g ses partial pressure, 
capture level of acid gases up to ppm, and high absorption and desorption mass transfer coeffici nts. 
The main disadvantages of these solvents are high energy requirement for solvent regeneration, poor 
selectivity between acid gases, the high price of materials, high heat of absorption, high corrosion, 
existence of side reactions, environmental damages, and occasionally due to using aqueous sol tion the 
treated gas will be saturated with water [21]. The energy requirement for solvent regeneration is a 
critical issue in using the absorption-desorption system which required around 20-30% of the power 
produced by a power plant [13]. The majority of energy consumption is related to the regeneration unit 
[22, 23]. Therefore, the design and operation of the regeneration unit have high importance in the 
chemical absorption process. Several researchers focused on reducing the energy consumption of the 
stripper using by doing new design [24], optimization [25, 26] and by considering different 
configurations for strippers [27, 28]. 
The most important chemical solvents are reviewed and discussed in the following sections. At the end 
of Section 2.1, the characteristics of the most important chemical solvents are summarized in Table 1. 
In Table 2, the advantages and disadvantages of different type of chemical solvents are summarized. 
2.1.1 Amines 
Alkanolamines are the most well-known solvents used for CO2 absorption over the years [29]. There 
are numerous studies on different aspects of them from chemistry and kinetic reactions to 
thermodynamic analysis and process modelling in the different type of unit operations [8, 18, 30, 31]. 
Amines contain hydroxyl (-OH) and amino (-NH2, -NHR, and -NR2) functional groups on an alkane 
group.  
2.1.1.1 Primary and secondary amines 
In this type of amines, one of the three hydrogen atoms in ammonia is substituted by an alkyl or 
aromatic. Secondary amines have two organic substituents (alkyl, aryl or both) bound to the nitrogen 
together with one hydrogen. 
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2.1.1.2 Tertiary amines 
In the structure of tertiary amines, nitrogen has three organic substituents [32]. The reaction mechanism 
for Tertiary amines is different from primary and secondary amines and no carbamate is formed when 
dealing with Tertiary amines. Tertiary amines are thought to catalyse the absorption f CO2 by water 
through the production of hydroxyl radicals and hence does not have a direct reaction with CO2 [33]. 
Therefore, water must be present for the reaction to proceed. 
2.1.1.3 Hindered amines 
A sterically hindered amine is defined structurally as a primary amine in which the amino group is 
attached to a tertiary carbon atom or a secondary amine in which the amino group is attached to a 
secondary or a tertiary carbon atom [34].  
2.1.1.4 Cyclic amines 
Piperazine (PZ) is a very well-known cyclic secondary amine [35, 36]. The 8 m solution of this amine 
showed volatility similar to MEA but the advantage of faster kinetics (more than twice) and higher 
capacity (double) than MEA [37]. It is also more resistant to oxidative and thermal degradation and can 
be used to high temperatures (up to 150 oC) [38]. This amine used as an additive to many other amines. 
Morpholine (MOR) is another famous cyclic amine that has been used as a solvent in commercial 
process well-known as Morphysorb®. This solvent can remove the acid gases from raw natural gas or 
syngas, selectively.  
2.1.1.5 New amines 
New amines are primary, secondary, tertiary, and hindered ones and more and more of them introducing 
in recent years. The structural modification of a solvent has a great effect on the effectiveness of new 
amines in CO2 capture processes. 2-((2-aminoethyl)amino)ethanol (AEEA), 1-diethylamino-2-propanol 
(1DEA2P), 2-(diethylamino)ethanol (DEEA), and 4-diethylamino-2-butanol (DEAB) are some 
examples of new amines [39]. Benzylamine (BZA) is a medium-strong base consisting of a primary 
amine functional group attached to a benzyl group [40]. More information about new amines and other 
types of amines can be found elsewhere [41, 42]. 
2.1.2 Ammonia 
The use of Ammonia as an absorber to capture CO2 and H2S from gas streams is the subject of research 
for many years [43-45]. Depending on the temperature the CO2 capture by using ammonia can be 
classified into two types. 
2.1.2.1 Conventional ammonia system 
The first type is the absorption of CO2 at ambient temperature (25–40 oC) and does not allow 
precipitation [46]. The kinetics of CO2 absorption in unloaded aqueous ammonia solution with 0.9–5.4 
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M concentration and temperatures ranging 25–49 oC were measured using a string of discs contactor 
[47]. A rigorous rate-based model for CO2 absorption using aqueous ammonia in a packed column has 
been developed and validated using pilot plant data [48]. Absorption and desorption of CO2 in aqueous 
ammonia solution is simulated using a rate-based model in Aspen Plus and validated utilizing pilot plant 
data [49]. The VLE behaviour of absorption of CO2 in aqueous ammonia solution is modelled using the 
species-group Pizter activity coefficient model and compared with E-NRTL, extended UNIQUAC and 
original Pitzer model [50]. The equilibrium behaviour of CO2 in aqueous ammonia at low temperatures 
was studied using experiments and modelling [51]. A novel process for ammonia based CO2 capture 
was suggested to reduce the energy requirement. The authors integrated CO2 absorption, CO2 
regeneration, product purification, SO2 absorption, NH3 abatement and recovery [52]. The effect of SO2 
loading (0.1–0.3 mol SO2/mol NH3) on VLE of CO2 was measured in 2.5–7.5 wt.% aqueous ammonia 
at 20, 40, 60 oC using a Fourier transform infrared (FT-IR) gas analysis method with a pressure 
determination stirred tank apparatus [53]. The double film theory was utilized to investigate the mass 
transfer coefficient to evaluate the ammonia escape (which is a serious problem in this system) utilizing 
in CO2 capture [54]. An organic solvent (acetone, dimethoxymethane, or acetaldehyde) added to a CO2 
rich, aqueous ammonia/CO2 solution under room temperature and pressure conditions. The organic 
solvent and CO2 absorbing solution are then regenerated using low-temperature heat [55]. A promising 
process modification of the ammonia (NH3) based CO2 capture process is proposed that involves an 
advanced flash stripper with a cold rich split [56]. 
2.1.2.2 Chilled (precipitating) ammonia system 
The second process is CO2 absorption at low temperature (about 2–10 °C) and desorption of CO2-rich 
stream at a temperature range of 100−150 °C and pressures of γ0−β000 psi. This process is called the 
chilled ammonia process and precipitation of some ammonium carbonate compounds is occurred in the 
absorber. Therefore, in this process phase change happen. The low-temperature process helps to reduce 
the ammonia slip in the absorber and the flue gas volume [46]. 
The chilled ammonia system also attracted a lot of attention in recent years. A selected number of recent 
progress in this process are reviewed. In order to evaluate the mass, energy, and entropy flows of the 
chilled ammonia process, an approximate model of the CO2-H2 -NH3 system is coupled with a 
proposed process [57]. An aqueous ammonia process is modelled using a rate-based approach. The 
model is validated using experimental data and modified to a chilled ammonia process model. The 
model was then scaled up to process flue gas from a 580 MW supercritical coal-fired power plant [58]. 
A process for CO2 capture from flue gas by using ammonia is developed. In order to increase the CO2 
concentration in the regeneration section of the process, solid ammonium bicarbonate is generated in 
the process. Precipitation, separation, and dissolution of the solid phase are consid red in a separate 
section, hence the packed columns remain free of solids [59]. 
2.1.3 Salt solutions 
9 
 
Salt solutions are another family of chemical solvents which are salt in nature nd can produce 
electrolyte solution when dissolving in water. The main feature of this family is thelow price of them.  
2.1.3.1 Carbonate/Bicarbonate 
Carbonate solutions (potassium and sodium) are chemical solvents and have considerable positive 
characterisations such as low cost, low toxicity, ease of regeneration, slow corrosivenes , low 
degradation, high stability, and CO2 absorption capacity. The carbonate system has been applied in 
more than 700 plants worldwide for CO2 and hydrogen sulphide removal from streams like ammonia 
synthesis gas, crude hydrogen, natural gas, and town gas [60]. Similar to CO2 capture using ammonia 
the CO2 capture by using carbonate solutions can be done in two main categories. 
2.1.3.1.1 Conventional carbonate/bicarbonate system 
The reaction of CO2 with potassium carbonate solution is an exothermic reaction. The hot potassium 
carbonate process is useful for gas mixtures containing a high amount of CO2. The CO2 absorption by 
using potassium carbonate solution is a slow rate reaction. Consequently, promoters (activators) have 
been used in different studies to improve process efficiency [34]. The promoters for potassium 
carbonate solution can be classified as organic and inorganic [60]. Characteristics and behaviour of 
sodium carbonate are very similar to potassium carbonate because both of them produce considerable 
carbonate in solution [61, 62]. 
2.1.3.1.2 Precipitating carbonate solvent system 
The precipitating carbonate/bicarbonate system is proposed by Shell which this proce s utilizes K2CO3 
with a crystallization and concentration step and then CO2 absorption step [63, 64]. The authors named 
the process as Shell carbonate slurry process and reported that a high amount of energy can be reduced 
in regeneration and the lower amount of nitrosamine emitted in compare with the amin  process. 
Sodium carbonate/bicarbonate solution also used as precipitating solvent. In a study, the researchers 
allowed to form the solid bicarbonate is and hence forming slurry increased the capacity of the solvent 
[65]. The authors reported that the energy requirement for solvent regeneration that is used to capture 
CO2 is about 3.22 MJ/kg of captured CO2. 
2.1.3.2 Hydroxides 
Different types of hydroxides such as potassium, calcium, and sodium hydroxides are utilized to remove 
CO2 from different gas streams [66-68]. As NaOH is a strong alkaline Na袋 and OH貸 are almost 
completely ionized in pure water. Then, the gaseous CO2 is absorbed physically in the NaOH solution 
and change to aqueous CO2. After that, aqueous CO2 reacts with OH貸 to generate HCO戴貸 and CO戴態貸. 
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2.1.3.3 Amino acid salts solutions 
Amino acids are organic components, which include amine (-NH2) and carboxyl (-COOH) groups and 
an amino acid-specific side chain (R group). Amino acid salts (AAS) which are produced commonly 
by reacting amino acids with an inorganic base (e.g. KOH [69] and NH3 [70]) utilized in a different 
study to perform the CO2 capture [71]. They can be considered as a subset of amines. Potassium Salt of 
Taurine, Potassium Salt of Glycine, Potassium salt of Sarcosine are prominent examples of aminoacid 
salts [72-75]. Amino acid salt solutions similar to the carbonate solution can be used in two different 
approaches. In addition to amino acid salts, if amino acids are neutralized using an organic base the 
product name is amine amino acid salt (AAAS). AAAS showed better behaviour in compare with AAS 
[76, 77]. 
2.1.3.3.1 Conventional amino acid salt system 
Reaction kinetic between CO2 and potassium salt of sarcosine solution and also the VLE for both 
unloaded and CO2 loaded aqueous potassium salt of sarcosine at different temperatures are investigated 
in the literature [73, 78]. Kumar et al. [72] measured the reaction kinetic b tween CO2 and aqueous 
potassium salts of taurine and glycine at 22 oC. They also experimentally examined the effect of 
temperature on reaction kinetics at the range of 12-32 oC. Aronu et al. [73] worked on reaction kinetic 
between CO2 and potassium salt of sarcosine solution. Aronu et al. [78] measured the VLE for both 
unloaded (concentration 1-5 M and the total pressure of 4.08-97.8 kPa) and CO2 loaded (concentration 
3.5 M and the total pressure of 0.03-971 kPa) aqueous potassium salt of sarcosine at different 
temperatures. The authors also used the Extended UNIQUAC thermodynamic model to express the 
data. Aldenkamp et al. [75] measured the VLE of CO2 in potassium salt of taurine and glycine at two 
concentrations namely 1 and 1.8 mol/kg and four different temperatures. These AAASs are utilized in 
a pilot plant rig and it was realized that it required around half of the stripping steam of the MEA system 
[79]. 
2.1.3.3.2 Precipitating amino acid salts systems 
Amino acids could be presented in solutions in different forms. This happens because of the presence 
of both an amine group (cause protonation), and a carboxyl group (cause deprotonation) [80]. Kumar 
et al. [81] observed crystallization in the reaction between CO2 and aqueous potassium taurate solutions 
at 25 oC. Majchrowicz et al. [82] investigated the tendency of alkaline (sodium, potassium, and lithium) 
salts of taurine, く-alanine, sarcosine and L-proline to form solid phase by changing the operating 
conditions of the CO2 capture process. They reported that higher temperatures and lower CO2 partial 
pressures lead to higher solubility limits and at higher amino acid salt concentration precipitation starts 
at lower CO2 partial pressures. In addition, the effect of the counterion on the solubility limi  appears 
to be: potassium > sodium > lithium. Finally, the precipitates formed can be the amino acid itself (as in 
the case of taurate), or more complex (CO2-containing) species (as for proline, sarcosine, and b-alanine). 
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The precipitation characteristics of fourteen aqueous amino acid salt system ar  investigated 
experimentally [83]. The authors reported that at 40 oC, high concentrated amino acid salt systems 
precipitate in the presence of CO2 and form two or three solid-liquid phases.  
Table 1: Physical Characteristics, the molecular structure of selected chemical solvents.  
Table 2: Advantage and disadvantage of selected chemical solvents. 
2.2 Physical solvents 
In physical absorption processes, Henry's law is applied and the gas absorption is achieved at high-
pressure conditions. In this type of processes, the solvent regeneration may be done by reduction of 
pressure and in contrast to the chemical absorption addition of heat is not necessary [14]. In comparison 
with chemical absorption, physical solvents have greater absorption capacity and hence resulted in 
lower solvent recirculation rates. Another advantage of the physical solvent is theirselectivity between 
acid gases. The disadvantages of physical solvents are their sensitivity to acd gas partial pressures (it
must be high), necessity to have a low concentration of inert gases, and difficulty in meeting H2S 
specification [21]. The physical characteristics, molecular structure, and applications of well-known 
physical solvents are presented in Table 3. In Table 4, the advantages and disadvantages of a selected 
number of physical solvents are listed. 
2.2.1 Dimethyl Ether of Polyethylene Glycols (DEPG or DMEPEG) 
The Selexol® is the commercial process which uses DEPG. This solvent is a mixture of Dimethyl Ether 
of Polyethylene Glycols. The solvent can be utilized to absorb H2S and CO2, physically. Selexol has 
the low vapour  pressure, high operating temperature, high CO2 solubility, non-corrosiveness, relatively 
non-toxic, and well-characterized performance as compared with the other physical solvents [84]. The 
favorable operating temperature for the absorbers that use this solvent fall in the range of -20 to 40°C. 
The Selexol process is utilized in pre-combustion integrated gasification combined cycle (IGCC) 
systems to capture CO2 [85]. Kapetaki et al. [86] simulated a common two-stage Selexol process to 
absorb the CO2 and H2S from a synthesis gas system, simultaneously. They found that in order to 
capture 95% of CO2 the required energy is 65% more than the energy necessary for 90% CO2 capture. 
Gatti et al. [87] performed multi-objective optimization of a Selexol® process for the selective removal 
of CO2 and H2S from coal gasification-derived syngas. Im et al. [88] added dimethyl carbonate (DMC), 
diethylcarbonate (DEC), and triacetin (TAT) to DEPG solution to improve the economics of the 
Selexol® process. The process used TAT additive is revealed to be competitive with the Selexol® 
process without additive in the aspect of both operating and equipment costs. In contrast, DMC and 
DEC exhibited a serious solvent loss. CO2 absorption performance of DMEPEG solvent by considering 
a rate based mass transfer model is studied in ProTreat® simulator [89]. Dual-stage Selexol® process in 
the IGCC system for removing CO2 as well as H2S from the syngas is simulated [90]. The authors 
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reported that by changing the operating conditions, 95% CO2 capture can be obtained by the 
conventional, integrated dual-stage Selexol unit. 
2.2.2 Methanol 
Methanol used as the physical solvent in two well-known processes: Rectisol® and Ifpexol®. Rectisol® 
process is the first process that used an organic component (Methanol) as the solvent. The abilities of 
the Rectisol process to separate impurities that are produced in the gasification of coal or heavy oil, 
including hydrogen cyanide, aromatics, organic sulfur compounds, and gum-forming hydrocarbons has 
been confirmed already. Dehydration and formation of ice and hydrate at the low temperatures of the 
process can be prevented by using Methanol. The operating temperature of Rectisol® process is low as 
-59.5 to -73.3 °C and the solvent's capture capacity for both CO2 and H2S becomes very high (higher 
than that of other physical solvents). This characteristic cause to attain a very high amount of capture. 
The process is presented in a very different arrangement to meet specific requirem nts and feed 
conditions but there are two important configurations which are the nonselective standard process and 
the selective version [18]. 
Sun and Smith [91] simulated and analyzed a single-stage and a two-stage Rectisol® wa h 
configurations in aspects of the acid gas removal ability, heat recovery, equipment requirement, power 
consumptions, and environmental emission and costs. They utilized revised PC-SAFT in the process 
simulation. Gatti et al. [92] reviewed Rectisol process configurations and applications. They also 
calibrated the PC-SAFT equation of state (EOS) for the Rectisol® pr cess. The authors gave the details 
of process simulation and optimized heat integration, and utility design and optimized alternative 
Rectisol® configurations for CO2 Capture. Gao et al. [93] predicted the thermodynamic behaviour of 
the Rectisol® process by using SAFT EOS. They used a method of equation oriented strategy. Sharma 
et al. [94] optimized the energy penalty and CO2 capture rate simultaneously in standalone Rectisol® 
process to get the best-operating conditions for various CO2 capture rates. 
Ifpexol® process uses methanol as the agent for treating natural gas to perform dehydration, natural gas 
liquids recovery, and acid gas removal in one overall process. Selective removal of H2S or removal of 
essentially all the acid gas can be obtained by using this process [18].  
2.2.3 Polyethylene glycol methyl isopropyl ethers (MPE) 
The commercial name of the process that used a mixture of polyethylene glycol dialkyl ethers (MPE) 
is Sepasolv-MPE® process. The process resembles the Selexol in the aspect of utilized solvent and the 
mode of operation. Initially, the process is designed for selective removal of H2S from natural gas and 
thereafter the same process was applied for CO2 capture from synthesis gases [95]. Following the 
extensive literature review, our findings suggest that there are no studies on this process.
2.2.4 Propylene carbonate 
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The commercial name of the process that used propylene carbonate (PC) is Fluor® process. Fluor® 
process is suitable for gas streams comprising of CO2 partial pressures higher than 60 psig. The 
operating temperature for this solvent is between -17 oC to 65 oC. The process provides high solubility 
of CO2 in the solvent. This process can be used to perform sweetening and dehydration simulta eously. 
In addition, it is useful to remove very low amounts of H2S (e.g. 20 ppmv) and also can operate at lower 
temperatures by good mass transfer without increasing its viscosity considerably [96]. 
2.2.5 N-Methyl 2Pyrrolidone (NMP) 
The commercial name of the process that used NMP as the solvent is Purisol® process. The process can 
be operated at ambient and very low temperatures (about -15°C). The solvent has a higher vapour  
pressure in comparison to DEPG or propylene carbonate and hence it required to be washed by water. 
It must be mentioned that, due to the high selectivity for H2S, the process is mainly suitable to purify 
the high pressure, high CO2 contains synthesis gas from gas turbine IGCC systems. 
2.2.6 Glycerol 
Glycerol which also well-known as glycerine or glycerin is a simple polyol compound. This component 
is a colorless, odorless, sweet-tasting, non-toxic and viscous liquid. Nunes et al. [97] only used glycerol 
solution and measured the CO2 solubility in glycerol at three different temperatures i.e. 80, 120, and 
150 oC and pressures up to 32 MPa. They reported that the CO2 solubility increased by the pressure 
increase and by the temperature decrease. They also compared the performance of glycerol with some 
components having the same chain length. Medina-Gonzalez et al. [98] used in situ FT-IR methods to 
measure the CO2 solubility in glycerol solution at a wide temperature range (40-200 oC) and pressures 
up to 35 MPa.  
2.2.7 Sulfolane  
Sulfolane (also well-known as tetramethylene sulfone (TMS) and 2,3,4,5-tetrahydrothiophene-1,1-
dioxide) is an organosulfur colorless liquid with the chemical formula (CH2)4SO2. The solubility of 
gases including CO2 is determined in sulfolane solution at temperatures in the range of 25-130 oC at 
pressures up to 7.6 MPa [99]. Solubilities and diffusivities of N2O and CO2 in aqueous and pure 
sulfolane solution were measured and correlated for a range of temperature of 20-85 oC [100]. In order 
to find a microscopic picture of the utilization of sulfolane as the solvent for CO2 and H2 capture, the 
properties of this solvent as the physical solvent is studied using density fu c ional theory (DFT) and 
molecular dynamics (MD) computational chemistry methods [101]. 
Table 3: Characteristics and molecular structure of selected physical solvents. 
Table 4: Advantage and disadvantage of selected physical solvents. 
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2.3 Physical-Chemical solvents  
ILs are solvents that showed both physical and chemical behaviour [102] and hence we consid red them 
in a separate section in the title of physical-chemical solvents. These solvents are composed of cations 
and anions and have wide application in different areas due to their unique properties namely low 
vapour  pressure, low melting point, modifiable solvation behaviour, staying liquid over a wide range 
of temperature, inflammability, and thermal stability [103, 104]. A lot of combinatio  of anions and 
cations are possible, giving flexibility to the solvent design. Therefore, desire  characteristics can be 
obtained by design of different ILs [105]. However, it must be mentioned that some of the ILs showed 
detrimental properties such as toxicity and corrosiveness [106]. Conversely, as the number of possible 
designed ILs is too high, it is challenging, time-consuming, and expensive to explore synth sis by a 
trial-and-error approach.  
In physical absorption, the solubility of CO2 in ILs is determined by free volume, IL size, cation and 
anion, while the structure of the amino function group attaching IL dominates the solubility of CO2 in 
chemical absorption. This kind of IL is well-known as task-specific ionic liquid (TSIL) because IL is 
produced with the favorite properties [107]. Boot-Handford et al. [108] classified a different type of ILs 
and described the applicability of each group properly. According to literatur , different classified type 
of ILs is Room Temperature ILs (RTILs); Task-Specific ILs (TSILs); Reversible ILs (RILs). These 
different type of ILs can be used with the support of membranes and this process name is supported 
ionic liquid membranes (SILMs) [109-111]. There is a considerable number of review papers on the 
utilization of ILs for CO2 capture [112-118]. Lei et al. [116] described the applications of different 
thermodynamic models for ILs and also reviewed the solubility of CO2 and some more gases in the ILs. 
Zeng et al. [118] reviewed all the important review papers related to ILs utilized for CO2 capture. They 
recognized four main aspects that covered by review papers namely design of new ILs particularly task-
specific ones, mixing of ILs with other components, determination of physicochemical properties, and 
determination of transport properties, kinetics and etc. They also covered structures effects, microscopic 
integration, transport behaviours, and scale up and process design for IL-based CO2 paration from the 
viewpoint of industrialization.  
It is noteworthy that ILs are utilized in non-aqueous (pure), aqueous (mixed with water), and mixed 
with amine for CO2 capture. Recently a new idea is proposed to use a blend of ILs [119]. By this metod, 
the undesired property can be overcome and a balanced and optimum characteristic in aspect of 
economic, environmental, and performance can be obtained. General advantage and disadvantage of 
ILs is listed in Table 5.  
Table 5: Advantage and disadvantage of ILs. 
2.3.1 Room Temperature ILs (RTILs) 
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RTILs are also well-known as conventional ILs in the literature. These ILs are very common which act 
as physical solvents in the absorption of CO2 and most of them have imidazolium-based cations. The 
cations in these ILs are organic and anions can be organic or inorganic [120]. CO  is sufficiently soluble 
in RTILs. Prominent examples of RTILs that utilized in CO2 capture are [bmim][PF6], [bmim][BF4], 
[bmim][Tf 2N], [emim][Tf2N], [emim][MDEGSO4], [bmpy][Tf2N], and [hmim][BF4]. 
2.3.2 Task Specific ILs (TSILs) 
Functionalization of ILs by a proper component like amines can improve the ILs performance in CO2 
capture [121]. These type of ILs act as chemical solvents in absorption of CO2. Different examples of 
TSILs that utilized in CO2 capture are [pabim][BF4], [Ambim][BF4], [Ambim][DCA], [3Amim][BF 4], 
[bmim][acetate], [AHA][tbp], and [thtdp][2-CNpyr]. 
2.3.3 Reversible ILs (RILs) 
A new class of ILs, well-known as reversible ionic liquids (RILs) [122]. These IL  are obtained by 
reaction between CO2 and a special type of amines or alcohols (such as silylamines). Then, the generated 
ILs could be used as a solvent for the physical absorption of CO2. Therefore, RILs enabling a dual CO2 
capture mechanism [123]. These solvents eliminate the energy penalty necessary in common amine 
solutions, increase the selectivity of CO2 over N2, and increase the CO2 loading.  
2.3.4 Deep Eutectic Solvents (DESs) 
This type of ILs is easy to prepare and no further purification steps are required which resulted in low 
cost, and hence this ILs is more economical than the other ILs [124]. Using DESs as CO2 bsorbents 
were firstly reported by Li et al. [125]. Between the synthesized DESs, choline chloride/urea 
(ChCl/Urea) is considered as one of the promising solvents to attain large-scale applications [124]. 
ChCl/Urea (1:2 on a molar basis) consists of natural compounds, i.e. choline chloride and urea, and 
hence it is easily biodegradable and with low toxicity. The viscosity of ChCl/Urea (1:2) is much higher 
than the conventional organic solvents. Therefore, the addition of water as a co-solvent can decline the 
viscosity significantly but still can maintain the high CO2 capacity, making aqueous ChCl/Urea (1:2) a 
promising CO2 absorption solvent [126]. 
2.4 Mixture of solvents 
Each solvent has some favorable characteristics, hence the researchers find out that by combining them 
they could use the positive features of each solvent. For example, by combining primary/secondary with 
tertiary/hindered amines the benefit of fast reaction kinetics with hig absorption capacity and low 
energy requirement for regeneration will be achieved. The mixture of solvents can be classified as two 
main categories namely mixture of chemical solvents and mixture of physical and chemical solvents. 
In addition to the usual mixture of solvents, some solvent mixtures showed phase change behaviour.  
2.4.1 Mixture of chemical solvents 
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2.4.1.1 Promoted carbonate 
As mentioned before, carbonate solutions have disadvantages of the slow rate of reaction with CO2. 
Addition of promoters to carbonate solutions can enhance the rate of reactions [127]. Different type of 
chemicals utilized as promoters of carbonate solution but the most important family of promoter 
components are amines [60]. Amine-promoted potassium carbonate solution has industrial applications 
and reported in several studies [128]. In addition to amines, amino acids also exploited as a promoter 
and added to carbonate solutions [129, 130].  
The phase change behaviour also reported for promoted potassium carbonate solutions. Similar to the 
precipitating of the ammonia system, precipitating of promoted carbonate solution can improve the 
system in the aspect of energy utilization [129, 130]. There are a number of studies an  research on 
promoted potassium carbonate system at the University of Melbourne. The research rs named the 
process as UNO MK3 which is commercialized by UNO Technology Pty Ltd [131]. In this precipitating 
system, the potassium bicarbonate precipitates from a promoted potassium carbonate solvent foll wing 
CO2 absorption and subsequent cooling. The precipitate is then separated from the liquid phase. It has 
been demonstrated that potassium glycine as a promoter can improve the CO2 r covery rate of 
potassium carbonate solution by up to 6 times [103]. 
2.4.1.2 Promoted Ammonia 
PZ due to its fast reaction rate is one of the best chemicals that can be used as an additive to ammonia 
solution. This component considerably improves the CO2 absorption rate. Liu et al. [132] performed 
experiments on CO2 absorption into a mixture of ammonia and PZ at 10–40 oC in a wetted wall column 
under the driving force of 8–25 kPa. Yu et al. [133] studied the CO2 absorption process using NH3-PZ 
blended solutions in a packed column, and developed and validated a rate-based model for the NH3–
PZ–CO2–H2O system. In addition to PZ, other components also utilized as a promoter for the ammoni  
solution [134]. 
2.4.1.3 Mixture of amines 
Mixtures of amines show acceptable performance in plenty of studies and substantial number of various 
combinations of amines have been examined in recent years. 
2.4.1.3.1 Common mixtures of amines 
The tertiary amines which are proper for selective absorption of CO2 in presence of H2S and has high 
absorption capacity and low cost of regeneration have the weakness of slow reaction rate with CO2 due 
to lack of formation of Carbamate. Therefore, primary and secondary amines, that has fast kinetic, are 
added to them as additives in many studies. Chang and Shih utilized an aqueous mixture of DGA and 
MDEA to model the CO2 absorption in an absorber-st ipper system [135]. Rayer et al. [136] compared 
the experimental data from the literature to find the effect of different amines on MDEA as a ternary 
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amine at a constant temperature (40 oC). They reported that adding a hindered amine to MDEA could 
have the highest amount of CO2 loading and increase the reaction rate with CO2.  
PZ which is polyamine-based solvents has more than one active site to react with CO2 and hence can 
potentially have a high absorption rate, high absorption capacity, and low volatility. Therefore, there 
are a number of studies on the application of PZ as an activator to ternary amines [137, 138] and also 
to hindered amines [139, 140] to perform CO2 capture studies. Rayer et al. [136] compared the 
experimental data at a constant temperature (40 oC) from literature to illustrate the effect of adding PZ 
as a promoter to other amines. The authors reported that the mixture of PZ with hindered amines shows 
high absorption capacity and absorption rate for CO2.  
In addition to PZ, the other polyamine which showed an effective application in combination with 
common amines (ternary and hindered) is N-(2-aminoethyl) ethanolamine (AEEA) [141, 42]. AEEA 
shows proper absorption rate among amines that are added as an activator to the tertiary amines. Further, 
as it is a Diamine compound, one mole of it is able to absorb 2 moles of CO2, thus has a high absorption 
capacity for CO2 but it increases the regeneration cost [143]. Zoghi [144] considered five additives and 
reported that AEEA-MDEA aqueous solution has the highest absorption rate of CO2. In general, it can 
be said that considerable improvement can be obtained by using blends of amines in the aspect of 
reaction kinetics, solubility, mass transfer, and regeneration energy requirement [42].  
2.4.1.3.2 Phase change mixtures of amines 
In addition to mentioned amine mixtures, some amine mixtures act as phase change solvents. Arshad et 
al. [145, 146] measured heat of absorption of CO2 and equilibrium total pressures in a mixture of 2-
(diethylamino)-ethanol (DEEA) and 3-(methylamino) propylamine (MAPA) solution as a function of 
CO2 loading at different temperatures. Pinto et al. [147] also worked on DEEA-MAPA solution. They 
found that MAPA is first loaded in the heavy phase with a subsequent reaction between DEEA and 
CO2. They also mentioned that the system has the potential for  significant reduction in the required 
heat for regeneration. Xu et al. [148] reported that 1,4-butanediamine (BDA) blended with DEEA 
resulted in phase change solvent. There is a non-aqueous amine solvent process which is well-known 
as Self-Concentrating Absorbent CO2 Capture Process and presented by 3H Company [149]. 
Thermomorphic biphasic solvent (TBS) systems are another phase changing mixtures of amines which 
resulted by blending lipophilic amines to release CO2 in the regeneration in lower temperatures (about 
80 oC) in comparison with usual amines (about 120 oC) [150].  
2.4.1.4 Hydroxides-Carbonate 
A small fraction of research focused on a mixture of hydroxides and carbonates. Gondal et al. [151] 
studied the solubility of N2O in aqueous solutions of hydroxides (containing lithium, sodium and 
potassium ions) and the hydroxide blends with carbonates in temperatures (25–80 oC) and 
concentrations (0.08–3 M). Gondal et al. [152] measured the CO2 absorption rate in the hydroxide-
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carbonate mixture in the temperature range of 25-64 oC. They also presented a kinetic model for the 
system that can predict the kinetic by 12% AARD. 
2.4.1.5 Amino acids-Amine 
The mixture of amino acids and amines also attracted the researcher's attention. The speciation is 
determined for several amino acids including L-Proline (PRO), L-Alanine (ALA), -Serine (SER), 
Taurine (TAU), Glycine (GLY) and Sarcosine (SAR), mixed with MEA and with d fferent CO2 contents 
[153]. The solubility of CO2 in a blend of the aqueous solution of potassium prolinate (KPr) with PZ 
and AMP studied experimentally and theoretically [154]. 
2.4.2 Mixture of physical and chemical solvents 
In this type of processes, the physical solvent captures the acid gas bulk and the chemical solvent 
purifies the gas stream to rigorous levels, simultaneously [18].  
2.4.2.1 Sulfolane-Amine 
Tetrahydrothiophene dioxide is an organic component well-known as Sulfolane. The commercial name 
of the process that used the mixture of amine and sulfolane as the solvent is Sulfinol process. One of 
the main benefits of sulfolane–amine solution to capture acid gases is the ability to simultaneously 
remove mercaptans and COS, which cannot be absorbed by using pure chemical solvents [155]. The 
Sulfinol process can strip CO2 down to 50 ppm at LNG plants. The physical features of  the aqueous 
solution of sulfolane-amine allow the relative quantities of water and sulfolane to vary and the energy 
of regeneration to be reduced [156].  
2.4.2.1.1 Common mixtures of Sulfolane-Amine 
In this type of solvents, there is not any solid precipitating. Zong and Chen [156] utilized ENRTL for 
the liquid phase and PC-SAFT for the gas phase to model CO2 and H2S solubilities in sulfolane-DIPA 
and sulfolane-MDEA solution. Ghanbarabadi and Khoshandam [157] compared the applicability of 
sulfolane-MDEA-water, DGA, MDEA-AMP, and MDEA in the capture of CO2, H2S and more 
components in process simulation. Their results show that more than 30-40% of mercaptans along with 
sour gas is absorbed with a sulfolane-MDEA-water solution of lower flow rate, boasting 10-25% 
reduction in energy consumption associated with solvent regeneration. In addition, very little waste of 
solvent is observed in comparison with amine solvents (MDEA-AMP, DGA, and MDEA). Dash and 
Bandyopadhyay [158] worked on a mixture of MDEA-PZ sulfolane and measured the VLE data and 
modelled them by using ENRTL thermodynamic model. 
2.4.2.1.2 Phase change mixtures of Sulfolane-Amine 
A mixture of DETA, sulfolane and water exhibited phase change behaviour at different temperatures 
and CO2 partial pressures [159]. The results showed that DETA and CO2 were placed mainly in the 
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upper stage and sulfolane mainly remained in the lower stage. During the reaction of DETA with CO2 
in sulfolane, the carbamate, dicarbamate, and tricarbamate will be produced that all of them have low 
solubility in the solution and hence cause biphasic separation.  
2.4.2.2 Amine-alcohol 
Primary amine-methanol. The commercial name of the process that used this mixture as the solvent is 
Amisol process. Yu et al. [160] proposed a non-aqueous mixture of PZ and diethylene gl col (DEG) in 
RPB. It was reported that the 40.8 wt% PZ could be dissolved in DEG at 20 oC without precipitation. 
The regeneration energy could be reduced because the heat capacity of DEG is lower than ater. A 
study focused on the solubility of CO2 in the mixture of MEA and glycerol [161]. The authors found 
that at lower pressures the solubility of CO2 in glycerol solution is higher. In another study, the solubility 
of CO2 was measured at atmospheric pressure and different temperatures in the mixture of MEA and 
Glycerol [162]. In order to decrease the vapour ization of methanol its mix ure with MEA, TEA and 
Glycerol are investigated namely MEA-TEA-Methanol, MEA-Glycerol-Methanol. By increasing the 
concentration of TEA and decreasing the concentration of MEA, the absorption rate, CO2 capture 
efficiency, and absorption capacity all decreased [163].  
Some non-aqueous mixtures of amines and alcohols show phase change behaviour, e.g. a mixture of
AMP and Ethylene Glycol (EG) [164]. The authors reported that in comparison with AMP-DEG or 
AMP-triethylene glycol (TEG) solutions, the loading of CO2 in AMP−EG solution is higher especially 
at a lower partial pressure of CO2. In addition, the viscosity of the AMP−EG solution is also lower. 
2.4.2.3 Amines-ILs 
The main reason for blending amines with ILs is related to the reduction of high viscosity of ILs which 
cause problems for the CO2 capture process, improvement of CO2 capacity and selectivity [165]. 
2.4.2.3.1 Common mixtures of amines-ILs 
In the case of mixing amines with ILs, it was reported that the increase of amine concentration leads to
an increase in the solubility of CO2 in the mixed solvent. The solubility of CO2 in this mixture is more 
than standalone IL solutions [166]. However, it must be mentioned that this mixture has a high viscosity 
[167]. 
Zhao et al. [167] measured viscosities, CO2 capture rate and the capacity of 16 various absorbents. They 
reported that one gram of MDEA-[MDEA][Cl]-H2O-PZ could capture 0.158 gram of CO2. Feng et al. 
[166] added different amounts of tetramethylammonium glycine ([N1111][Gly]) in MDEA aqueous 
solutions of higher concentration. An aqueous solution of 15 wt% [N1111][Gly] and 15 wt% MDEA 
has significant regeneration efficiency. Yang et al. [168] proposed 30 wt % MEA-40 wt % 
[bmim][BF4]-30 wt % H2O solution for CO2 capture. They illustrated that the energy consumption of 
the proposed solution for regeneration and MEA loss per ton of captured CO2 was lower than that of 
aqueous MEA solution. Bernard et al. [169] reported corrosion and CO2 absorption behaviour of the 
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mixed IL−amine solutions. The authors performed the absorption tests at 45 oC and at a pressure of 
0.1−β.7 MPa. The corrosion tests were carried out at 45 oC under 2.7 MPa. They found that addition of 
[bmim][BF4] in aqueous alkanolamine solutions reduces corrosion rate for MEA by up to 72%. Yang 
et al. [170] reported that addition of IL to MEA aqueous solution reduced the loss s of MEA and water. 
In addition, the thermal energy at stripper of IL mixed absorbent is 33.8% lower than that of aqueous 
MEA solution.  
2.4.2.3.2 Phase change mixtures of amine-ILs 
In addition to the usual mixtures of amines and ILs, there are some mixtures that operate as phase 
change solvents. Hasib-ur-Rahman et al. [171] mixed DEA with ILs. The result was a proper solvent 
that can capture CO2 by producing DEA-carbamate crystals without any equilibrium limitations. This 
enabled easy separation by having a reasonably smaller solid carbamate volume and promising c st-
effective regeneration. 
2.4.3 Mixture of physical solvents 
Mixture of different alcohols as a solvent for carbon capture is reported in literatur  [172-174]. Carrera 
et al. [172] blended glycerol with three alcohol namely ethanol, propanol, and butanol in the temperature 
range of 40-60 oC and pressure up to 12 MPa. The authors used the PR equation of state to correlate the 
results of CO2-glycerol-ethanol and showed good agreement between predicted and experimental 
values. Pinto et al. [173] mixed glycerol with methanol in the temperature range of 30-70 oC and 
pressure up to 22 MPa. They presented phase equilibrium data for the system. They considered three 
different methanol to glycerol ratios. Araújo et al. [174] considered glycerol with ethanol in 30-70 oC 
and pressures up to 26 MPa. They worked by three different glycerol to ethanol molar ratios. 
The mixture of Sulfolane and alcohols also attracted attention. Xu et al. [175] correlated density, 
viscosity and the dissociation constant and solubility of N2O in the mixture of Sulfolane, 2-
piperidineethanol (2-PE), and water. The authors illustrated that in addition to the tertiary system their 
correlations are useful for binary solvents like 2-PE-Water and Sulfolane-Water systems. Li and Mather 
[176] correlated the solubility of CO2 and H2S in a mixture of 2-PE, Sulfolane, and water by using 
Clegg-Pitzer equations at different temperatures. Li et al. [177] combined io ic liquid and polyethylene 
glycol (PEG) to absorb and desorb the CO2. The authors reported that both chemical and physical 
absorption exists in the system and IL enhances the kinetics of the absorption and desorption of CO2 
significantly. Recently, Aghaie et al. [178] evaluated the solubility of ILs at various operating 
conditions and the influence of impurities/additives such as water and toluene. 
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3 Criteria to select and design of solvents 
3.1 Chemical solvents 
Tennyson and Schaaf [179] illustrated that the criteria to choose the best solvent f r CO2 capture 
depends on the composition, temperature, and pressure of the feed gas and the desired specification on 
the treated gas. They presented a logarithmic diagram and located partial pressure of CO2 in the product 
in the horizontal axes and partial pressure of CO2 in feed in the vertical axes. Veawab et al. [180] 
illustrated that the essential elements of solvent selection criterion are feed gas characteristics 
(composition, pressure, temperature, etc.) and the treated gas specifications (i.e. the process 
requirements). Hoff et al. [181] discussed fourteen different criteria that mus  be considered when 
selecting and screening solvents for CO2 capture. The authors divided these criteria into two main 
families: criteria based on kinetics, thermodynamics, and mass transfer properties and criteria based on 
health and safety executive (HSE) and operability. Liang et al. [42] addressed by d tails three important 
aspects that must be considered during evaluating reactive solvents and selecting optimum erating 
conditions namely solubility, reactive kinetics and chemical species analysis for CO2 capture. Liang et 
al. [182] reviewed ten of these criteria with considerable details. Mota-Martinez et al. [183] indicated 
the importance of accounting transport and kinetic properties of solvents that have a significant effect 
on the size of equipment and capital cost. They mentioned that within the research community, the 
focus was more on equilibrium properties that are related to operating cost of CCS units. 
3.2 Physical solvents 
Different parameters must be considered during physical solvent selection: capital cost, purity of treated 
gas, the concentration of CO2, and hydrocarbon loss. Experience and inventiveness of the designer in 
adjusting the process to the case at hand, and method of dealing with impurities that may be present 
(such as COS, NH, aromatic hydrocarbons) also play important role in selecting physical solvents. 
Other different parameters such as corrosion, foaming, or other operating problems which cause to 
replace the initial solvent, vapour  pressure of the solvent, solvent stability, energy loss, stripping gas 
necessities, and the cost of process royalty should be considered as well [18]. When the process is 
operating in high pressure the physical solvents are more suitable because they can be rege erated by 
reducing the pressure. The physical solvents are also more efficient for concentrated CO2 streams.  
4 Selection and design of solvents using experiments 
4.1 Description of method 
The experimental VLE data has high importance on the selection of the best solventfor CO2 capture 
process [136]. High-pressure conditions are suitable for the reaction between CO2 and chemical 
solvents, hence the challenge is finding an effective solvent at low partial pressure conditions. They 
demonstrated that the best choice of solvent depends on the partial pressure of CO2. In the selection of 
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solvents using experiments, the authors compared the effectiveness of two or more solvents or their 
mixtures together, experimentally. Different type of apertures are utilized with the method such as 
wetted wall columns, pilot plant packed columns or any other type of unit operations to contact the 
phases. This method is used to compare and select chemical, physical, and ILs.  
4.2 Advantages and disadvantages of the method  
The advantages of the method are related to its ease of application. The main weakness of the method 
is that a few numbers of solvents are utilized in the study. Experiments are always time consuming and 
expensive. Therefore, it cannot be said that the selected solvent is the best option.  
4.3 Review of related studies 
Ma’mun et al. [184] compared seven amines experimentally. They also considered some mixtures as 
well. The authors reported that AEEA is a potentially good absorbent for capturing CO2 from low-
pressure gases. Singh et al. [185] compared different alkanolamines in the aspect of the effec  of 
structure on and capacity for CO2 absorption. They found that decrease of the rate of absorption and 
increase of capacity of absorption will be obtained by increasing the chain length between the amine 
and various functional groups. Aschenbrenner and Styring [186] conducted experiments that 
investigated several non-toxic and low-cost solvents for CO2 capture. They compared the mentioned 
solvents in the aspect of thermal stability, CO2 solubility, and selectivity over N2. They reported that 
poly (ethylene glycol) is the best solvent in comparison with the other ones due to high stability, low 
solvent loss and low stripping energy. Chowdhury et al. [187] selected AMP and MDEA as the base 
case for comparison and synthesized nine new amines. They reported three high-performance amines 
with the high rate of absorption and low heats of reactions in comparison to AMP and MDEA. Freeman 
and Rochelle [35] calculated Maximum Estimated Stripper Temperature (MEST) parameter based on 
experimental data from the literature for comparison of 46 pure amines and 11 mixtures of amines in 
the aspect of thermal stability. The authors reported morpholine, piperidine, and piperazine as the most 
thermally stable amines. On the other hand, alkyl chain or alkanolamines with changing combinations 
of methyl substitution, hydroxyl substitution, and amino functions were found as unstable amines. 
Chowdhury et al. [188] compared twenty-four different tertiary amines by consideri g MDEA as the 
base case in terms of absorption rate, the amount of CO2 absorbed, cyclic CO2 capacity and heat of 
reaction for each solvent. Three of these amines were synthesized by authors. Barzagli et al. [189] 
experimentally compared the usefulness of several solvent-free amines. The authors sta ed that is not 
necessary to use any organic or aqueous diluent for these types of amines as they are in the liquid state 
prior to the experiment and after the CO2 uptake. Zhang et al. [190] collected seventy-six conventional 
ILs and screened them for energy consumption to identify potential ILs for CO2 capture. They selected 
seven ILs and calculated the energy consumptions of them. The amount of required energy and 
characteristics of seven screened ILs were compared with those of 30 wt% MEA, MD and DEPG. 
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They reported that the energy consumption of all seven ILs is less than three mentioned solvents. 
Muchan et al. [191] tested and compared amines in the aspect of the rate of absorption and desorption, 
pKa, the partial pressure of CO2, the heat of regeneration, and heat of absorption. They reported that 
due to the negative electron withdrawing effect of the hydroxyl groups, amines with more hydroxyl 
groups showed lower performance in all the CO2 capturing activities. They also selected amines with 
only one hydroxyl group and blended them as binary and ternary mixtures and illustrated better 
performance in the initial rate of desorption and energy efficiency compared to 5 M MEA solution. 
5 Selection and design of solvents using process and equilibrium models 
5.1 Description of method 
In this type of studies, the authors developed a process model [192] and evaluated the effect of a few 
numbers of solvents on the carbon capture level of the system, heat of absorption, and CO2 capture 
capacity. Therefore, this type of studies also could be considered comparison studies. Different types 
of assumptions can be considered in the modelling and the models are from simple to rigorous. 
According to our literature review, this method is used for both chemical and physical solvents. 
5.2 Advantages and disadvantages of the method  
The advantages of the method are that it is economical and after developing model they can b  used for 
different conditions and operations. However, it must be mentioned that the models must be validat d 
using appropriate experimental data. Similar to selection and comparison of solvents using experiments 
a limited number of components can be used in these type of studies. 
5.3 Review of related studies 
MEA solution (30 wt%) is compared with mixtures of MEA-PZ and MDEA-PZ by using the 
equilibrium-based model of stripper [13]. The authors also considered four types of configurations for 
the stripper in their study. They showed that matrix configuration and MDEA-PZ offers 22% energy 
saving compared to MEA solution. In an interesting study Burr et al. [193] the four physical solvents 
(DEPG, Methanol, NMP, and propylene carbonate) are compared with each other in terms of acid gas 
removal ability, equipment required and power requirements by using the process simulator ProMax. 
Kothandaraman et al. [194] compared MEA with potassium carbonate solution using simulation in 
ASPEN PLUS®. Urech [195] compared three CO2 capture processes by using process simulation. They 
considered Selexol, UNO (participating potassium carbonate solution), and MEA (or MDEA). Borhani 
et al. [128] worked on the industrial absorption of CO2 into DEA-potassium carbonate solution in a 
packed column in ASPEN PLUS®. They changed DEA with other amines and compared the 
effectiveness of them as a promoter on carbonate solution. The authors reported that MEA shows 
promising performance as a promoter for CO2 removal. Sharifzadeh and Shah [196], compared amine-
promoted buffer salt solution with MEA solution in a rate-based model in gSAFT toolboxes. In another 
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study [197], they compared a new developed solvent GCCmax with MEA and reported that GCCmax 
has features superior performances compared to MEA. In addition, the authors introduced a new 
methodology to assess the performance of CO2 capture solvents [197]. They faced the problem as 
retrofitting an existing pulverized coal power plant with post-combustion carbon capture using two 
solvents namely CDRMax (an amine-promoted buffer salt (APBS)) and MEA. They reported that the 
CDRMax offers high CO2 loading capacity and thus reduces the circulation rate significantly as 
compared to MEA. 
Chen et al. [198] compared the performance of Selexol, Rectisol, and water by using a theoretical 
method. This method was established to evaluate the mass transfer of CO2 in a stationary single droplet. 
Rectisol had the highest absorption rate and capacity to capture CO2 among the three solvents. 
Koytsoumpa et al. [199] compared Rectisol, Selexol, potassium carbonate and MDEA in the aspect of 
efficiency and feasibility. The study presents a comparison among the conceptual designs and ma s and 
energy analyses of the four processes integrated with the coal-to-SNG system, based on ASPEN 
PLUS®. A comprehensive comparison between ammonia and amines as CO2 absorption solvents 
performed [200]. The authors used information such as energy consumption in regeneration and CO2 
capture efficiency to compare solutions. The solubility of CO2 and carbamate concentration in DEA, 
MDEA, and DEA-MDEA mixture is modelled using equilibrium models based on Deshmukh-Mather 
thermodynamic models by [201]. The performance of DEA, MDEA, and DEA-MDEA solutions in CO2 
absorption is evaluated and compared using the electrolyte-UNIQUAC thermodynamic model in a 
rigorous equilibrium model [202]. 
6 Selection and design of solvents using predictive models 
6.1 Description of method 
In this approach, the predictive models act as screening tools. There is a different type of predictive 
models that can be used to perform screening and selection of solvents. Group contribution models 
(SAFT, UNIFAC,…), Quantitative Structure-Property Relationship (QSPR) models, computational 
chemistry methods (quantum mechanical based models and molecular dynamic) are some examples of 
predictive models that used to predict different properties for different components and purposes. These 
methods are used to select the ILs in the majority of studies.  
6.2 Advantages and disadvantages of the method  
The advantages of using predictive models as a screening tool are their ease of application for a large 
number of components. In general, it can be said that these models are "forward problems" namely a 
desired property for a list of components can be calculated using a different type of properties related 
to chemical structure and other properties of components. Therefore, they must be applied for all the 
generated or collected components as solvents which cause sometimes extensive calculations. 
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6.3 Review of related studies 
6.3.1 Group contribution models applications 
The Statistical Associating Fluid Theory for potentials of variable range (SAFT-VR) is utilized as an 
EOS to model and evaluate the behaviour of alkanolamines, water, and CO2 system [203]. A more 
predictive approach is the development of group parameters for these mixtures to use with th  group 
contribution (GC) SAFT-け SW (square well) approach [204]. UNIFAC model is utilized for the first 
time by Lei et al. [205] to predict the CO2 solubility in 22 pure ILs and in the binary mixture of ILs at 
high and low temperatures. Therefore, their study showed that UNIFAC can be used as a proper 
predictive model for screening the ILs.  
6.3.2 Computational chemistry models applications 
Between quantum mechanical based models CSOMO-based models utilized widely in thermodynamic 
studies especially in CO2 capture studies [206, 207]. These predictive thermodynamic models are 
utilized to predict some key properties that can help to select the best candidates between solvents. 
COSMO-based methods do not have adjustable parameters and therefore, experimental data are not 
required for them. They are particularly appropriate for the screening of potential ILs for CO2 capture 
[103]. 
Zhang et al. [208] used the COSMO-RS model to predict Henry's constant of ILs. They had a pool of 
24 cations and 17 anions and hence 408 ILs. As higher Henry's constant means the lower solubility, the 
authors used Henry's constant as a criterion for ILs selection. Finally, they selected three ILs which are 
not solid at room temperature and obtained them from Merck KGaA. They measured the solubility f 
CO2 in [hmim][FEP], [bmpyrr][FEP], and [ETT][FEP] at three temperatures namely 283.5 K, 298.6 K, 
and 323.3 K and different pressures up to 1.8 MPa. Palomar et al. [206] illustrated th t the van der 
Waals forces accompanying with the solute in the liquid phase control the CO2 absorption capacity in 
ILs, which is measured in terms of Henry’s Law constants. They screened over 170 ILs with COSMO-
RS to design new ILs that increase physical absorption of CO2. Liu et al. [209] proposed a screening 
method to select the best ILs between 90 classes of ILs, based on COSMO-RS model, an absorption 
mechanism, and experimental data. The author considered CO2 solubility, CO2-CH4 selectivity and 
toxicity and viscosity of ILs as selection criteria. Retief [210] utilized the Hansen solubility parameters 
(HSPs) as the only parameter to screen a large number of amines and ILs solutions. 
6.3.3 Chemometric model applications 
The chemometric methods are based on molecular structure and use chemical structure-based 
parameters to predict any type of properties [211, 212]. The QSAR/QSPR method has been used in 
several solvent designs and selection studies, the majority of which are related to ILs esign [213-215]. 
The first attempt in this area was the work of Matsuda et al. [213]. They used QSPR methods coupled 
with descriptors of group contribution to design new ILs for applications other than CO2 capture. 
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Furthermore, to predict the property of viscosity and ionic conductivity of ILs, some models are 
developed. In order to predict the pseudo acidity constant and the absorption isotherms for a ines, a 
statistical neural network model is presented by Porcheron et al. [216]. Venkatraman et al. [214] used 
evolutionary de novo design to obtained imidazole-based solvents for CO2 capture. The authors used 
QSPR methods to compute the density, viscosity, biodegradability, and acid dissociation constant (pKa) 
which is a proper criterion for solvent reactivity.   
7 Selection and design of solvents using CAMD problem 
7.1 Description of method 
Due to the existence of non-ideal interactions between solvents, CO2, and water, the selection of the 
best solvent for such a system is very challenging. In order to select the most proper solvent, several 
properties such as thermodynamic, kinetic, and sustainability must be considered as criteria 
simultaneously [181, 217] but the mentioned methods in sections 3-5 only consider a few number or in 
some cases only one criterion to select the solvents. On the other hand, the three describ d methods in 
sections 3-5 expect some predictive models are screening methods, not design methods.  
Therefore, a systematic method is proposed and developed in recent years to select or d sign of the best 
single and mixture solvents for CO2 capture and also for selection and design of solvent integrated with 
the process. In a systematic selection of solvents, there is a large pool of candidates and a predictive 
model that is described in Section 5 must be used to identify useful solvent candidates. This approach 
is well-known as computer-aided molecular design (CAMD) and tries to select the bes and optimum 
components for a special purpose from a pool of molecules and structures. The CAMD problem is 
known as “Reverse Problem” in which the component structure is design by giving the desired 
properties. There are three main approaches to dealing with CAMD problems [218, 219]. 
7.1.1 Generate and search (test) approach 
In this approach, the molecular groups and target properties are identified first. After hat, a feasible set 
of compound structures are generated. Then the properties of generated structures are p dicted. The 
desired solvents can be selected from the identified components with predicted target properties [220]. 
This method can often result in finding optimum solvents or products over a pool of m ecules without 
solving a potentially complex optimization problem [221].  
7.1.2 Algebraic modelling approach 
In this approach, a set of algebraic equations representing the property and structural const ints are 
solvent at the same time to generate the target molecules [222]. 
7.1.3 Mathematical optimization approach 
In addition to two mentioned approaches, the CAMD problems can be expressed as optimization 
problems. The solvent selection and design optimization problem is a mixed integer nonlinear problem 
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(MINLP) in most of the cases [218]. Most of the studies on CO2 capture are performed by using this 
method and it is described by the detail in Section 6.3.   
7.2 Advantages and disadvantages of the method  
The numerous number of molecules and components can be evaluated systematically using this method. 
The challenges of CAMD method are related to the availability of predictive models for all properties, 
numerical issues related to generated components, the high degree of nonlinearity of the problem, and 
generation of a large number of components [223]. 
7.3 Review of related studies 
7.3.1 Single and mixture solvent selection and design 
In this problem, the structure of the solvent is the only design objective. The schematic diagram of 
single and mixture solvent and selection design is shown in Figure 2. 
Figure 2: Single and mixture solvents selection and design problem framework. 
The single solvent selection and design can be formulated as follow: min券 系岫券┸ 喧岻 喧 噺 血岫券岻       鯨剣健懸結券建 喧堅結穴件潔建件懸結 兼剣穴結健 月怠岫喧┸ 券岻 判 ど 月態岫喧┸ 券岻 噺 ど 嫌怠岫券岻 判 ど 嫌態岫券岻 噺 ど 喧陳沈津 判 喧 判 喧陳銚掴 券陳沈津 判 券 判 券陳銚掴 
(1) 
where 系 is objective or cost function which depends on two set of variables namely vector 券 and vector 喧. Vector 券 demonstrates relevant structural information of the designed molecules and vector 喧 is the
vector of properties. The constraints 月怠 and 月態 are related to property values and desired structural 
features. 嫌怠 and 嫌態 ensure structural feasibility. The similar formulation can be considered fo mixture 
selection and design: min券┸ 捲 系岫券┸ 喧┸ 圏岻 圏 噺 血岫捲┸ 券┸ 喧岻       鯨剣健懸結券建┸ 喧堅剣喧結堅建検┸ 欠券穴 兼剣健結 血堅欠潔建件剣券 堅結健欠建件剣券 兼剣穴結健 布 捲沈沈 噺 な 月怠岫喧┸ 圏┸ 券岻 判 ど 月態岫喧┸ 圏┸ 券岻 噺 ど 嫌怠岫券岻 判 ど 嫌態岫券岻 噺 ど 喧陳沈津 判 喧 判 喧陳銚掴 券陳沈津 判 券 判 券陳銚掴 圏陳沈津 判 圏 判 圏陳銚掴 
(2) 
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where here 系 is a function of 券, 喧, and 圏 which 圏 is the mixture property variables. The main elements 
of the single and mixture solvents selection/design optimization problem are: 
(i) Design space: This space contains different molecules and mixtures and a wide range of 
operations.  
(ii)  The solution of the problem: Different type of algorithms can be utilized to solve CAMD 
problems such as deterministic algorithms and stochastic (heuristics) ones. In addition, 
large optimization problems can be solved as a series of optimization sub-problems by 
using decomposition methods. 
(iii)  Predictive property models: These models relate molecular structure to physical 
properties and estimate property. In general, the predictive models must predict phase 
equilibria, caloric values, transport properties, kinetic properties, and the impact on product 
morphology or toxicity.   
Papadopoulos et al. [217] considered several criteria and developed a systematic screening m thod. 
They selected the best solvent candidates based on the criteria from 126 commercially avail ble amine-
based solvents which had enough data required for GC or other methods to calculate properties. The 
authors used the SAFT-VR and SAFT-け equation of states to predict the vapour -liquid equilibrium 
behaviour of solvent-CO2-H2O for the selected solvents. Chong et al. [106] developed a systematic 
approach to design an optimal IL to capture CO2. The significant contribution of the presented approach 
in their work is the introduction of disjunctive programming to identify optimal operating conditions of 
the process involved while solving the IL synthesis problem. Chong et al. [224] presented a simple yet 
systematic visual approach to design IL solvents for carbon capture. A systematic two-stage approach 
has been proposed to discover the proper CO2 capture solvents [225]. This approach initiates with a fast 
screening stage in which the solvent structures are evaluated based on the simultaneous consideration 
of important pure component properties reflecting thermodynamics, kinetics, and sustainability. In the 
second step of the approach, the solvents are further selected and evaluated using SAFT-け SW to predict 
the non-ideal chemical and phase equilibrium of the solvent-water-carbon dioxide mixtures. 
Zarogiannis et al. [226] repeated their methodology [217] with a few changes to select th  binary 
mixture of amines and reported that a mixture of DEAB and 2A1H was promising among the other 
options.  
7.3.2 Integrated solvent and process selection and design 
Design and selection of a representative set of solvents without attention to the CO2 capture processes 
is not a proper strategy due to the strong interaction between solvent properties and the process [227, 
228]. Therefore, the best goal can be an integration of solvent and process design. Establishment of a 
direct connection between solvents and process is challenging. The method is based on combining 
CAMD with process synthesis methods in the form of an optimization framework which is MINLP 
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[223] and is well-known as computer-aided molecular and process design (CAMPD) [229]. Such a 
framework has been shown in Figure 3.  
Figure 3: Integrated solvent and process selection/design problem framework. 
It can be seen that the framework presented in Figure 3 is more complex than the framework of Figure 
2. Integrated solvent and process selection/design (for single solvent) can be formulated as follow [221]: min券┸ 航 系岫券┸ 喧┸ 航岻 喧 噺 血岫券岻       鯨剣健懸結券建 喧堅結穴件潔建件懸結 兼剣穴結健 月怠岫喧┸ 航┸ 券岻 判 ど 月態岫喧┸ 航┸ 券岻 噺 ど 嫌怠岫券岻 判 ど 嫌態岫券岻 噺 ど 喧陳沈津 判 喧 判 喧陳銚掴 券陳沈津 判 券 判 券陳銚掴 航陳沈津 判 航 判 航陳銚掴 
(3) 
where here 系 is a function of 券, 喧, and 航 which 航 is the process variables. 月怠 and 月態 here representing 
process model. The main elements of the integrated solvent and process selection/design optimization 
problem are:  
(iv) Design space: Same as Section 7.3.1. 
(v) The solution to the problem: Same as Section 7.3.1. 
(vi) Predictive property models: Same as Section 7.3.1. 
(vii)  Predictive process models: These models are used to relate physical properties to process 
performance. This model can be equilibrium-based or rate-based models with different type 
of assumptions and complexity [60].  
Eden et al. [230] presented a systematic framework for the simultaneous solution of pr cess/product 
design problems related to separation. By using this method, the properties of the desired product that 
offer optimum process performance are identified. Lots of studies on the integrated design of solvent 
and process were performed using SAFT family EOS as a predictive model. Mac Dowellet al. [231] 
find out the optimal composition for the mixture of AMP and Ammonia integrated with optimal 
operating conditions for the CO2 absorption process. They calculated VLE using SAFT-VR and also 
utilized a rate-based model as the process predictive model. Pereira et al. [232] applied SAFT-VR to 
separate CO2 from the methane-utilizing physical solvent. They considered n-alkane blends as a proper 
solvent for CO2 capture and used a simple flowsheet to maximize the purity and net present value. They 
reported the best sizes of equipment, operating conditions, and the average chain length of the solvent 
(n-alkane). The results suggest that n-alkane solvents are promising alternatives. Bardow et al. [233] 
utilized PCP-SAFT and proposed a two-step procedure for the integration of solvent and process design. 
In the first step, they considered a hypothetical target molecule and reported that this continues-
molecular-targeting (CoMT) approach attains the direct coupling between solvent and process 
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properties. In the second step, they mapped the hypothetical target molecule to the real solvent 
molecules. This method is applied by the same research group for CO2 capture processes by [234] and 
[218] which in both studies the selection of physical solvents are integrated with the process. 
Salazar et al. [235] proposed a method to select the novel solvents between 50 primary amines and 
solvent stripping for CO2 capture from flue gas of fossil-fired power plants. The method is based on 
CAMD for solvent selection and integrating with solvent stripping process d ign to achieve better CO2 
capture and reduce energy consumption. Qadir et al. [236] presented an optimization method that 
simultaneously targets an optimal solvent and optimal process conditions for pre-combusti n carbon 
capture processes (by physical solvents). The authors' utilized PPC-SAFT equation of state is used to 
determine solvent properties and made a connection between MATLAB (for MINLP problem) and 
ASPEN PLUS® (for process model). 
Burger et al. [229] proposed a novel two-step method to solve CAMPD problems that are used for 
physical CO2 capture. In the first step, is to have a set of initial guesses for the MINLP problem, they 
derived reduced models for the unit operations of the process. In the case that is not possible to calculate 
the original objective function from the reduced model, some surrogate objectives are defined which 
represent different contributions to the original objective. The Pareto-optimal set of best compromises 
between these objectives is determined using multi-objective optimization step (MOO). In the second 
step, the original MINLP problem is solved. The Pareto-optimal solutions are then used as initial 
guesses for the solution of the full MINLP. In order to predict the required physical properties, they 
used SAFT-け Mie. Papadokonstantakis et al. [237] combined CAMD, GC method, superstructure based 
process synthesis, and multicriteria sustainability assessment to screen a big number of chemical 
solvents and process configurations for post-combustion CO2 capture. Zhou et al. [238] demonstrated 
that the majority of the earlier studies utilized decomposition solution strategies to solve the CAMD 
problems. They proposed a hybrid stochastic-deterministic algorithm to solve the integrated design 
problem of absorption/desorption. They also used their method to show its effectiveness and strength
on a gas absorption process. In the absorption process solvent, molecular structu e  and process 
operating conditions are optimized simultaneously to maximize the overall economic performance of 
the process. The authors utilized high-level GC predictive models to predict the required properties. 
Recently, Papadopoulos et al. [239] added an assessment of controllability to the integrated solvent and 
process design. Therefore, their proposed framework contains three main stages: solvent-process 
screening stage (contains CAMD and analysis of obtained solvent set), solvent-process design (contains 
rigorous models and operating targets), and solvent-process control (integrates the controllability and 
economic performance).  
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8 Prospective 
In this review paper, we illustrated the importance and role of different solvents in capturing CO2. There 
are many attempts to find methods to screen and select the best solvents. By all the avi able studies 
still, there are some demands that must be addressed in future studies. 
8.1 Evaluation of technical and economic performance of solvents 
So far, no detailed and systematic and comparison studies were presented on the technical and economic 
performance of different solvents and the studies are devoted to one solvent [240]. In addition, the 
economic criteria should be considered more in studies to reduce the capital and operation cost of carbon 
capture processes for all type of solvents. 
8.2 Life cycle assessment of different solvents 
There are eleven studies focused on LCA of CCS [241]. Most of these studies are focused on the method 
of separation and compared these methods using LCA. A few LCA studies have been done to compare 
the solvents [242, 243]. Thereby there is a gap in the li erature that requires further research to be 
conducted in comparing solvents using LCA. 
8.3 Solvent selection using experiments 
Future efforts should be directed towards performing more experimental comparison between solvents 
especially using the newly designed solvents. By this method, the newly designed solvents can be 
validated in the aspect of energy consumption, degradation and corrosion problems. In addition, in order 
to predict the physical property of new solvents, more experimental data are required. 
8.4 Solvent selection using process and thermodynamic models 
Majority of process and thermodynamic modelling and simulation studies are performed using well-
known solvents in literature. More studies are required by using more diverse solvent  such as new 
amines, new ILs, and comparison of physical and chemical solvents. This will help to find out the 
applicability and effectiveness of new solvents. 
8.5 Solvent selection using predictive models 
Development of more applicable, accurate, and effective predictive models which are integrated with 
the CAMD and CAMPD problems can be helpful in the initial screening of the solv nts. In addition, 
the predictive and molecular-based methods such as quantum chemistry, molecular dynamic, Monte 
Carlo, SAFT, and UNIFAC showed high potential to perform microscopic characteriztion of CO2 
capture using solvents [101, 244].  
8.6 Solvent selection and design using CAMD 
More studies on integrated solvent and process design are required as these activities are still in the 
infant stage. As ILs attracted a lot of attention in recent years and showed desirable characteristics they 
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should be used in CAMPD problems by considering the different type of unit operations such as packed 
columns, rotating packet bed columns, wetted wall columns and etc. After screening and design of 
proper ILs candidates, they should be the synthesis in laboratory scales and test in the mentioned above 
unit operations. In addition, the mixed solvents could be considered a serious alternative for single 
solvent systems and more studies are necessary for them, especially in the aspect of CAMD problems.  
9 Conclusions  
Available solvents for CO2 absorption are reviewed and classified. The paper classified available 
solvents as chemical, physical, and chemical-physical solvents. The mixture of solvents also reviewed 
in this paper based on three groups which are a mixture of chemical solvents, a mixture of physical 
solvents, and a mixture of chemical and physical solvents. The recent progress and researches in ea  
group are reviewed and mentioned in the study. In addition to the review of available solvents, diff rent 
methods for solvent selection and design are reviewed. Four groups of methods are categorized in this 
study which is solvent selection and design using experiments, using process and equilibrium models, 
using prediction models, and using optimization problems. For each method, a number of selected 
studies and recent progress are reviewed. 
Acknowledgment 
The authors acknowledge financial support from UK Engineering and Physical Sciences Research 
Council (EPSRC) (Ref: EP/M001458/2). 
References 
[1] Wong S, Bioletti R. Carbon Dioxide Separation Technologies. Carbon & Energy Management. Alberta 
Research Council Report. 2002. 
[2] Duke MC, Ladewig B, Smart S, Rudolph V, Diniz da Costa JC. Assessment of postcombustion carbon capture 
technologies for power generation. Frontiers of Chemical Engineering in China. 2010;4:184-95. 
[3] Zhang Z, Borhani TNG, El-Naas MH. Chapter 4.5 - Carbon Capture A2 - Dincer, Ibrahim. In: Colpan CO, 
Kizilkan O, editors. Exergetic, Energetic and Environmental Dimensions: Academic Press; 2018. p. 997-1016. 
[4] Zendehboudi S, Leonenko Y, Shafiei A, Soltani M, Chatzis I. Modelling of CO2 droplets shrinkage in ex situ 
dissolution approach with application to geological sequestration: Analytical solutions and feasibility study. 
Chemical Engineering Journal. 2012;197:448-58. 
[5] Zendehboudi S, Bahadori A, Lohi A, Elkamel A, Chatzis I. Practical and Economic Aspects of the Ex-Situ 
Process: Implications for CO2 Sequestration. Energy & Fuels. 2013;27:401-13. 
[6] Leung DYC, Caramanna G, Maroto-Valer MM. An overview of current status of carbon dioxide capture and 
storage technologies. Renewable and Sustainable Energy Reviews. 2014;39:426-43. 
[7] Seader JD, Henley EJ, Roper DK. Separation Process Principles, 3rd Edition: John Wiley & Sons; 2010. 
[8] Wang M, Lawal A, Stephenson P, Sidders J, Ramshaw C. Post-combustion CO2 capture with chemical 
absorption: A state-of-the-art review. Chemical Engineering Research and Design. 2011;89:1609-24. 
[9] Abanades JC, Arias B, Lyngfelt A, Mattisson T, Wiley DE, Li H, et al. Emerging CO2 capture systems. 
International Journal of Greenhouse Gas Control. 2015;40:126-66. 
[10] Song C, Liu Q, Ji N, Deng S, Zhao J, Li Y, et al. Alternative pathways for efficient CO2 capture by hybrid 
processes—A review. Renewable and Sustainable Energy Reviews. 2018;82:215-31. 
[11] Koronaki IP, Prentza L, Papaefthimiou V. Modelling of COβ capture via chemical absorption processes − 
An extensive literature review. Renewable and Sustainable Energy Reviews. 2015;50:547-66. 
[12] Borhani TN, Oko E, Wang M. Process modelling and analysis of intensified CO2 capture using 
monoethanolamine (MEA) in rotating packed bed absorber. Journal of Cleaner Production. 2018;204:1124-42. 
33 
 
[13] Oyenekan BA, Rochelle GT. Alternative stripper configurations for CO2 capture by aqueous amines. AIChE 
Journal. 2007;53:3144-54. 
[14] Mumford KA, Wu Y, Smith KH, Stevens GW. Review of solvent based carbon-dioxide capture technologies. 
Frontiers of Chemical Science and Engineering. 2015;9:125-4 . 
[15] Budzianowski WM. Single solvents, solvent blends, and advanced solvent systems in CO2 capture by 
absorption: a review. International Journal of Global Warming. 2015;7:184-225. 
[16] Papadopoulos AI, Zarogiannis T, Seferlis P. Computer佻aided Molecular Design of COβ Capture Solvents 
and Mixtures. In: Papadopoulos AI, Seferlis P, editors. Process Systems and Materials for CO2 Capture2017. p. 
173-201. 
[17] Marcus Y. The properties of solvents: Wiley; 1998. 
[18] Kohl A, Nielson R. Gas Purification. Texas: Gulf Publishing Company Houston, ; 1997. 
[19] Sreedhar I, Nahar T, Venugopal A, Srinivas B. Carbon capture by absorption – Path covered and ahead. 
Renewable and Sustainable Energy Reviews. 2017;76:1080-7. 
[20] Glasscock DA. Modelling and experimental study of carbon dioxide absorption into aqueous alkanolamines. 
1991. 
[21] Kidnay AJ, Parrish WR. Fundamentals of Natural Gas Processing: CRC Press; 2006. 
[22] Li T, Keener TC. A review: Desorption of CO2 from rich solutions in chemical absorption processes. 
International Journal of Greenhouse Gas Control. 2016;51:290-304. 
[23] Borhani TN, Oko E, Wang M. Process modelling, validation and analysis of rotating packed bed stripper in 
the context of intensified CO2 capture with MEA. Journal of Industrial and Engineering Chemistry. 2019;75:285-
95. 
[24] Khalilpour R, Abbas A. Optimal synthesis and design of solvent-based PCC process using a rate-based 
model. Separation and Purification Technology. 2014;132:149-67. 
[25] Oexmann J, Kather A. Minimising the regeneration heat duty of post-combustion CO2 capture by wet 
chemical absorption: The misguided focus on low heat of absorption solvents. International Journal of Greenhouse 
Gas Control. 2010;4:36-43. 
[26] Mores P, Scenna N, Mussati S. CO2 capture using monoethanolamine (MEA) aqueous solution: Modelling 
and optimization of the solvent regeneration and CO2 desorption process. En rgy. 2012;45:1042-58. 
[27] Karimi M, Hillestad M, Svendsen HF. Capital costs and energy considerations of different alternative stripper 
configurations for post combustion CO2 capture. Chemical Engineering Research and Design. 2011;89:1229-36. 
[28] Rezazadeh F, Gale WF, Lin Y-J, Rochelle GT. Energy Performance of Advanced Reboiled and Flash Stripper 
Configurations for CO2 Capture Using Monoethanolamine. Industrial & Engineering Chemistry Research. 
2016;55:4622-31. 
[29] Chakma A, Mehrotra AK, Nielsen B. Comparison of chemical solvents for mitigating CO2 emissions from 
coal-fired power plants. Heat Recovery Systems and CHP. 1995;15:231-40. 
[30] Zhao B, Tao W, Zhong M, Su Y, Cui G. Process, performance and modelling of CO2 capture by chemical 
absorption using high gravity: A review. Renewable and Sustainable Energy Reviews. 2016;65:44-56. 
[31] Sharifzadeh M, Shah N. MEA-based CO2 capture integrated with natural gas combined cycle or pulverized 
coal power plants: Operability and controllability through integrated design and co trol. Journal of Cleaner 
Production. 2019;207:271-83. 
[32] Borhani TNG, Afkhamipour M, Azarpour A, Akbari V, Emadi SH, Manan ZA. Modelling study on CO2 and 
H2S simultaneous removal using MDEA solution. Journal of Industrial and Engineering Chemistry. 2016;34:344-
55. 
[33] Astarita G, Savage DW, Bisio A. Gas Treating with Chemical Solvents. New York: J hn Wiley and Sons; 
1983. 
[34] Sartori G, Savage DW. Sterically hindered amines for carbon dioxide removal fr m gases. Industrial & 
Engineering Chemistry Fundamentals. 1983;22:239-49. 
[35] Freeman SA, Rochelle GT. Thermal Degradation of Aqueous Piperazine for CO2 Capture. 1. Effect of 
Process Conditions and Comparison of Thermal Stability of CO2 Capture Amines. Industrial & Engineering 
Chemistry Research. 2012;51:7719-25. 
[36] Dashti A, Raji M, Razmi A, Rezaei N, Zendehboudi S, Asghari M. Efficient hybrid modelling of CO2 
absorption in aqueous solution of piperazine: Applications to energy and environment. Chemical Engineering 
Research and Design. 2019;144:405-17. 
[37] Freeman SA, Dugas R, Van Wagener DH, Nguyen T, Rochelle GT. Carbon dioxide capture with 
concentrated, aqueous piperazine. International Journal of Greenhouse Gas Control. 2010;4:119-24. 
[38] Plaza JM, Rochelle GT. Modelling pilot plant results for CO2 capture by aqueous piperazine. Energy 
Procedia. 2011;4:1593-600. 
[39] Afkhamipour M, Mofarahi M. A modelling-optimization framework for assessment of CO2 absorption 
capacity by novel amine solutions: 1DMA2P, 1DEA2P, DEEA, and DEAB. Journal of Cleaner Production. 
2018;171:234-49. 
34 
 
[40] Richner G, Puxty G, Carnal A, Conway W, Maeder M, Pearson P. Thermokinetic properties and performance 
evaluation of benzylamine-based solvents for CO2 capture. Chemical Engineering Journal. 2015;264:230-4 . 
[41] Bernhardsen IM, Knuutila HK. A review of potential amine solvents for CO2 absorption process: Absorption 
capacity, cyclic capacity and pKa. International Journal of Greenhouse Gas Control. 2017;61:27-48. 
[42] Liang Z, Rongwong W, Liu H, Fu K, Gao H, Cao F, et al. Recent progress and new developments in post-
combustion carbon-capture technology with amine based solvents. International Journal of Greenhouse Gas 
Control. 2015;40:26-54. 
[43] Beutier D, Renon H. Representation of NH3-H2S-H2O, NH3-CO2-H2O, and NH3-SO2-H2O Vapour -
Liquid Equilibria. Industrial & Engineering Chemistry Process Design and Development. 1978;17:220-30. 
[44] Versteeg P, Rubin ES. A technical and economic assessment of ammoni -based post-combustion CO2 
capture at coal-fired power plants. International Journal of Greenhouse Gas Control. 2011;5:1596-605. 
[45] Zhao B, Su Y, Tao W, Li L, Peng Y. Post-combustion CO2 capture by aqueous ammonia: A state-of-the-art 
review. International Journal of Greenhouse Gas Control. 2012;9:355-71. 
[46] Darde V, Thomsen K, van Well WJM, Stenby EH. Chilled ammonia process for CO2 capture. International 
Journal of Greenhouse Gas Control. 2010;4:131-6. 
[47] Qin F, Wang S, Hartono A, Svendsen HF, Chen C. Kinetics of CO2 absorption in aqueous ammonia solution. 
International Journal of Greenhouse Gas Control. 2010;4:729-38. 
[48] Qi G, Wang S, Yu H, Wardhaugh L, Feron P, Chen C. Development of a rate-based model for CO2 absorption 
using aqueous NH3 in a packed column. International Journal of Greenhous  Gas Control. 2013;17:450-61. 
[49] Zhang M, Guo Y. Rate based modelling of absorption and regeneration for CO2 capture by aqueous ammonia 
solution. Applied Energy. 2013;111:142-5 . 
[50] Xu Y, Wang Z, Liu X, Jin B. Modelling of the NH3–CO2–H2O vapour –liquid equilibria behaviour with 
species-group Pitzer activity coefficient model. International Journal of Greenhouse Gas Control. 2014;31:113-
20. 
[51] Jilvero H, Jens K-J, Normann F, Andersson K, Halstensen M, Eimer D, et al. Equilibrium measurements of 
the NH3–CO2–H2O system – measurement and evaluation of vapour –liquid equilibrium data at low 
temperatures. Fluid Phase Equilibria. 2015;385:237-47. 
[52] Yu J, Wang S. Development of a novel process for aqueous ammonia based CO2 capture. International 
Journal of Greenhouse Gas Control. 2015;39:129-38. 
[53] Qi G, Wang S, Lu W, Yu J, Chen C. Vapour –liquid equilibrium of CO2 in NH3–CO2–SO2–H2O system. 
Fluid Phase Equilibria. 2015;386:47-55. 
[54] Ma S, Chen G, Zhu S, Han T, Yu W. Mass transfer of ammonia esc p  and CO2 absorption in CO2 capture 
using ammonia solution in bubbling reactor. Applied Energy. 2016;162:354-62. 
[55] Novek EJ, Shaulsky E, Fishman ZS, Pfefferle LD, Elimelech M. Low-Temperature Carbon Capture Using 
Aqueous Ammonia and Organic Solvents. Environmental Science & Technology Letters. 2016;3:291-6. 
[56] Jiang K, Li K, Yu H, Chen Z, Wardhaugh L, Feron P. Advancement of ammonia based post-combustion 
CO2 capture using the advanced flash stripper process. Applied Energy. 2017;202:496-506. 
[57] Valenti G, Bonalumi D, Macchi E. Energy and exergy analyses for the carbon capture with the Chilled 
Ammonia Process (CAP). Energy Procedia. 2009;1:1059-66. 
[58] Hanak DP, Biliyok C, Manovic V. Rate-based model development, validation and analysis of chilled 
ammonia process as an alternative CO2 capture technology for coal-fired pow r lants. International Journal of 
Greenhouse Gas Control. 2015;34:52-62. 
[59] Sutter D, Gazzani M, Mazzotti M. A low-energy chilled ammonia process exploiting controlled solid 
formation for post-combustion CO2 capture. Faraday Discussions. 2016;192:59-83. 
[60] Borhani TNG, Azarpour A, Akbari V, Wan Alwi SR, Manan ZA. CO2 capture with potassium carbonate 
solutions: A state-of-the-art review. International Journal of Greenhouse Gas Control. 2015;41:142-62. 
[61] Park SW, Sung DH, Choi BS, Oh KJ, Moon KH. Sorption of Carbon Dioxide onto Sodium Carbonate. 
Separation Science and Technology. 2006;41:2665-84. 
[62] Knuutila H, Hessen ET, Kim I, Haug-Warberg T, Svendsen HF. Vapour –liquid equilibrium in the sodium 
carbonate–sodium bicarbonate–water–CO2-system. Chemical Engineering Science. 2010;65:2218-26. 
[63] Moene R, Schoon L, van Straelen J, Geuzebroek F. Precipitating Carbonate Process for Energy Efficient 
Post-combustion CO2 Capture. Energy Procedia. 2013;37:1881-7. 
[64] Van Straelen JPT. Process for the removal of carbon dioxide from a gas. In: Patents G, editor.2015. 
[65] Knuutila H, Svendsen HF, Anttila M. CO2 capture from coal-fired power plants based on sodium carbonate 
slurry; a systems feasibility and sensitivity study. International Journal of Greenhouse Gas Control. 2009;3:143-
51. 
[66] Stolaroff JK, Keith DW, Lowry GV. Carbon Dioxide Capture from Atmospheric Air Using Sodium 
Hydroxide Spray. Environmental Science & Technology. 2008;42:2728-35. 
[67] Han S-J, Yoo M, Kim D-W, Wee J-H. Carbon Dioxide Capture Using Calcium Hydroxide Aqueous Solution 
as the Absorbent. Energy & Fuels. 2011;25:3825-34. 
35 
 
[68] Sanz-Pérez ES, Murdock CR, Didas SA, Jones CW. Direct Capture of CO2 rom Ambient Air. Chemical 
Reviews. 2016;116:11840-76. 
[69] Song H-J, Park S, Kim H, Gaur A, Park J-W, Lee S-J. Carbon dioxide absorption characteristics of aqueous 
amino acid salt solutions. International Journal of Greenhouse Gas Control. 2012;11:64-72. 
[70] Yang N, Yu H, Xu Dy, Conway W, Maeder M, Feron P. Amino acids/NH3 Mixtures for CO2 Capture: Effect 
of Neutralization Methods on CO2 Mass Transfer and NH3 Vapour Loss. Energy Procedia. 2014;63:773-80. 
[71] Zhang Z, Li Y, Zhang W, Wang J, Soltanian MR, Olabi AG. Effectiveness of amino acid salt solutions in 
capturing CO2: A review. Renewable and Sustainable Energy Reviews. 2018;98:179-88. 
[72] Kumar PS, Hogendoorn JA, Versteeg GF, Feron PHM. Kinetics of the reaction of CO2 with aqueous 
potassium salt of taurine and glycine. AIChE Journal. 2003;49:203-13. 
[73] Aronu UE, Hartono A, Hoff KA, Svendsen HF. Kinetics of Carbon Dioxide Absorption into Aqueous Amino 
Acid Salt: Potassium Salt of Sarcosine Solution. Industrial & Engineering Chemistry Research. 2011;50:10465-
75. 
[74] Knuutila H, Aronu UE, Kvamsdal HM, Chikukwa A. Post combustion CO2 capture with an amino acid salt. 
Energy Procedia. 2011;4:1550-7. 
[75] Aldenkamp N, Huttenhuis P, Penders-van Elk N, Steinseth Hamborg E, Versteeg GF. Solubility of Carbon 
Dioxide in Aqueous Potassium Salts of Glycine and Taurine at Absorber and Desorber Conditions. Journal of 
Chemical & Engineering Data. 2014;59:3397-406. 
[76] Aronu UE, Svendsen HF, Hoff KA. Investigation of amine amino acid salts for carbon dioxide absorption. 
International Journal of Greenhouse Gas Control. 2010;4:771-5. 
[77] Aronu UE, Hoff KA, Svendsen HF. Vapour –liquid equilibrium in aqueous amine amino acid salt solution: 
3-(methylamino)propylamine/sarcosine. Chemical Engineering Science. 2011;66:3859-67. 
[78] Aronu UE, Hessen ET, Haug-Warberg T, Hoff KA, Svendsen HF. Vapour –liquid equilibrium in amino acid 
salt system: Experiments and modelling. Chemical Engineering Science. 2011;66:2 91-8. 
[79] Aronu UE, Svendsen HF, Hoff KA, Knuutila H. Pilot Plant Study of 3-(methylamino)Propylamine Sarcosine 
for Post-combustion CO2 Capture.  Proceedings of the 2nd Annual Gas Processing Symposium. Amsterdam: 
Elsevier; 2010. p. 339-48. 
[80] van der Ham LV, Goetheer ELV, Fernandez ES, Abu-Zahra MRM, Vlugt TJH. 5 - Precipitating amino acid 
solutions A2 - Feron, Paul H.M.  Absorption-Based Post-combustion Capture of Carbon Dioxide: Woodhead 
Publishing; 2016. p. 103-19. 
[81] Kumar PS, Hogendoorn JA, Feron PHM, Versteeg GF. Equilibrium Solubility of CO2 in Aqueous Potassium 
Taurate Solutions:鳥 Part 1. Crystallization in Carbon Dioxide Loaded Aqueous Salt Solutions of Amino Acids. 
Industrial & Engineering Chemistry Research. 2003;42:2832-40. 
[82] Majchrowicz ME, Brilman DWF, Groeneveld MJ. Precipitation regime for selected amino acid salts for CO2 
capture from flue gases. Energy Procedia. 2009;1:979-84. 
[83] Aronu UE, Ciftja AF, Kim I, Hartono A. Understanding Precipitation in Amino Acid Salt systems at Process 
Conditions. Energy Procedia. 2013;37:233-40. 
[84] Bucklin RW, Schendel RL. Comparison of Fluor Solvent and Selexol processes. Energy Prog; (United 
States). 1984:Medium: X; Size: Pages: 137-42. 
[85] Field RP, Brasington R. Baseline Flowsheet Model for IGCC with Carbon Capture. Industrial & Engineering 
Chemistry Research. 2011;50:11306-12. 
[86] Kapetaki Z, Brandani P, Brandani S, Ahn H. Process simulation of a dual-stage Selexol process for 95% 
carbon capture efficiency at an integrated gasification combined cycle power plant. International Journal of 
Greenhouse Gas Control. 2015;39:17-26. 
[87] Gatti M, Martelli E, Maréchal F, Consonni S. Multi-Objective Optimization of a Selexol® Process for the 
Selective Removal of CO2 and H2S from Coal-Derived Syngas.  28th International Conference on Efficiency, 
Cost, Optimization, Simulation and Environmental Impact of Energy Systems, ECOS 2015: International 
Conference on Efficiency, Cost, Optimization, Simulation and Environmental Impact of Energy Systems; 2015. 
p. 1-12. 
[88] Im D, Roh K, Kim J, Eom Y, Lee JH. Economic assessment and optimization of the Selexol process with 
novel additives. International Journal of Greenhouse Gas Control. 2015;42:109-16. 
[89] Dave A, Dave M, Huang Y, Rezvani S, Hewitt N. Process design for CO2 absorption from syngas using 
physical solvent DMEPEG. International Journal of Greenhouse Gas Control. 2016;49:436-48. 
[90] Ahn H. Process Simulation of a Dual佻stage Selexol Process for Pre佻combustion Carbon Capture at an 
Integrated Gasification Combined Cycle Power Plant. Process Systems and Materials for CO2 Capture: 
Modelling, Design, Control and Integration. 2017:609-28. 
[91] Sun L, Smith R. Rectisol wash process simulation and analysis. Journal of Cleaner Production. 2013;39:321-
8. 
[92] Gatti M, Martelli E, Marechal F, Consonni S. Review, modelling, Heat Integration, and improved schemes 
of Rectisol®-based processes for CO2 capture. Applied Thermal Engineering. 2014;70:1123-40. 
36 
 
[93] Gao N, Zhai C, Sun W, Zhang X. Equation oriented method for Rectisol wash modelling and analysis. 
Chinese Journal of Chemical Engineering. 2015;23:1530-5. 
[94] Sharma I, Hoadley AFA, Mahajani SM, Ganesh A. Multi-objective optimisation of a Rectisol™ process for 
carbon capture. Journal of Cleaner Production. 2016;119:196-206. 
[95] Wolfer W, Schwartz E, Vodrazka W, Volkamer K. Solvent shows greate  efficiency in sweetening of gas. 
Oil Gas J;(United States). 1980;78. 
[96] Mokhatab S, Poe WA. Handbook of Natural Gas Transmission and Processing: Elsevier Science; 2012. 
[97] Nunes AVM, Carrera GVSM, Najdanovic-Visak V, Nunes da Ponte M. Solubility of CO2 in glycerol at high 
pressures. Fluid Phase Equilibria. 2013;358:105-7. 
[98] Medina-Gonzalez Y, Tassaing T, Camy S, Condoret JS. Phase equilibrium of the CO2/glycerol system: 
Experimental data by in situ FT-IR spectroscopy and thermodynamic modelling. The Journal of Supercritical 
Fluids. 2013;73:97-107. 
[99] Jou FY, Deshmukh RD, Otto FD, Mather AE. Solubility of H2S, CO2, CH4 and C2H6 in sulfolane at elevated 
pressures. Fluid Phase Equilibria. 1990;56:313-24. 
[100] Xu S, Wang Y-W, Otto FD, Mather AE. Solubilities and diffusivities of N2O and CO2 in aqueous sulfolane 
solutions. Journal of Chemical Technology & Biotechnology. 1991;51:197-208. 
[101] Gutiérrez A, Atilhan M, Aparicio S. Microscopic Characterization of CO2 and H2S Removal by Sulfolane. 
Energy & Fuels. 2017;31:9800-13. 
[102] Mumford KA, Pas SJ, Linseisen T, Statham TM, Nicholas NJ, Lee A, et al. Evaluation of the protic ionic 
liquid, N, N-dimethyl-aminoethylammonium formate for CO 2 capture. International Journal of Greenhouse Gas 
Control. 2015;32:129-34. 
[103] Smith K, Lee A, Mumford K, Li S, Indrawan, Thanumurthy N, et al. Pilot plant results for a precipitating 
potassium carbonate solvent absorption process promoted with glycine for enhanced CO2 capture. Fuel 
Processing Technology. 2015;135:60-5. 
[104] Aghaie M, Rezaei N, Zendehboudi S. A systematic review on CO2 capture wi h ionic liquids: Current status 
and future prospects. Renewable and Sustainable Energy Reviews. 2018;96:502-25. 
[105] Brennecke JF, Gurkan BE. Ionic Liquids for CO2 Capture and Emission Reduction. The Journal of Physical 
Chemistry Letters. 2010;1:3459-64. 
[106] Chong FK, Foo DCY, Eljack FT, Atilhan M, Chemmangattuvalappil NG.A systematic approach to design 
task-specific ionic liquids and their optimal operating conditions. Molecular Systems Design & Engineering. 
2016;1:109-21. 
[107] Yu C-H, Huang C-H, Tan C-S. A review of CO2 capture by absorption and adsorption. Aerosol Air Qual 
Res. 2012;12:745-69. 
[108] Boot-Handford ME, Abanades JC, Anthony EJ, Blunt MJ, Brandani S, Mac Dowell N, et al. Carbon capture 
and storage update. Energy & Environmental Science. 2014;7:130-89. 
[109] Lee S-H, Kim B-S, Lee E-W, Park Y-I, Lee J-M. The removal of acid gases from crude natural gas by using 
novel supported liquid membranes. Desalination. 2006;200:21-2. 
[110] Raeissi S, Peters CJ. A potential ionic liquid for CO2-separating gas membranes: selection and gas solubility 
studies. Green Chemistry. 2009;11:185-92. 
[111] Bara JE, Camper DE, Gin DL, Noble RD. Room-Temperature Ionic Liquids and Composite Materials: 
Platform Technologies for CO2 Capture. Accounts of Chemical Research. 2010;43:152-9. 
[112] Hasib-ur-Rahman M, Siaj M, Larachi F. Ionic liquids for CO2 capture—Development and progress. 
Chemical Engineering and Processing: Process Intensification. 2010;49:313-22. 
[113] Karadas F, Atilhan M, Aparicio S. Review on the Use of Ionic Liquids (ILs) as Alternative Fluids for CO2 
Capture and Natural Gas Sweetening. Energy & Fuels. 2010;24:5817-28. 
[114] Ramdin M, de Loos TW, Vlugt TJH. State-of-the-Art of CO2 Capture with Ionic Liquids. Industrial & 
Engineering Chemistry Research. 2012;51:8149-77. 
[115] Zhang X, Zhang X, Dong H, Zhao Z, Zhang S, Huang Y. Carbon capture with ionic liquids: overview and 
progress. Energy & Environmental Science. 2012;5:6668-81. 
[116] Lei Z, Dai C, Chen B. Gas Solubility in Ionic Liquids. Chemical Reviews. 2014;114:1289-326. 
[117] Babamohammadi S, Shamiri A, Aroua MK. A review of CO2 capture by absorption in ionic liquid-based 
solvents. Reviews in Chemical Engineering. 2015;31:383-412. 
[118] Zeng S, Zhang X, Bai L, Zhang X, Wang H, Wang J, et al. Ionic-Liquid-Based CO2 Capture Systems: 
Structure, Interaction and Process. Chemical Reviews. 2017;117:9625-73. 
[119] Aparicio S, Atilhan M. Mixed Ionic Liquids: The Case of Pyridinium-Based Fluids. The Journal of Physical 
Chemistry B. 2012;116:2526-37. 
[120] Xue Z, Zhang Z, Han J, Chen Y, Mu T. Carbon dioxide capture by a dual amino ionic liquid with amino-
functionalized imidazolium cation and taurine anion. International Journal of Greenhouse Gas Control. 
2011;5:628-33. 
37 
 
[121] Carvalho PJ, Álvarez VH, Schröder B, Gil AM, Marrucho IM, Aznar M, et al. Specific Solvation 
Interactions of CO2 on Acetate and Trifluoroacetate Imidazolium Based Ionic Liquids at High Pressures. The 
Journal of Physical Chemistry B. 2009;113:6803-12. 
[122] Hart R, Pollet P, Hahne DJ, John E, Llopis-Mestre V, Blasucci V, et al. Benign coupling of reactions and 
separations with reversible ionic liquids. Tetrahedron. 2010;66:1082-9 . 
[123] Blasucci V, Hart R, Mestre VL, Hahne DJ, Burlager M, Huttenhower H, et al. Single component, reversible 
ionic liquids for energy applications. Fuel. 2010;89:1315-9. 
[124] Ma C, Xie Y, Ji X, Liu C, Lu X. Modelling, simulation and evalution of biogas upgrading using aqueous 
choline chloride/urea. Applied Energy. 2018;229:1269-83. 
[125] Li X, Hou M, Han B, Wang X, Zou L. Solubility of CO2 in a Choline Chloride + Urea Eutectic Mixture. 
Journal of Chemical & Engineering Data. 2008;53:548-0. 
[126] Xie Y, Dong H, Zhang S, Lu X, Ji X. Effect of Water on the Density, Viscosity, and CO2 Solubility in 
Choline Chloride/Urea. Journal of Chemical & Engineering Data. 2014;59:3344-52. 
[127] Savage DW, Sartori G, Astarita G. Amines as rate promoters for carbon dioxide hydrolysis. Faraday 
Discussions of the Chemical Society. 1984;77:17-3 . 
[128] Borhani TNG, Akbari V, Hamid MKA, Manan ZA. Rate-based simulation and comparison of various 
promoters for CO2 capture in industrial DEA-promoted potassium carbonate absorption unit. Journal of Industrial 
and Engineering Chemistry. 2015;22:306-1 . 
[129] Thee H, Nicholas NJ, Smith KH, da Silva G, Kentish SE, Stevens GW. A kinetic study of CO2 capture with 
potassium carbonate solutions promoted with various amino acids: Glycine, sarcosine and proline. International 
Journal of Greenhouse Gas Control. 2014;20:212-2. 
[130] Lee A, Wolf M, Kromer N, Mumford KA, Nicholas NJ, Kentish SE, et al. A study of the vapour–liquid 
equilibrium of CO2 in mixed solutions of potassium carbonate and potassium glycinate. International Journal of 
Greenhouse Gas Control. 2015;36:27-33. 
[131] Mumford KA, Smith KH, Stevens GW. Phase Change Solvents for CO2 apture Applications. In: 
Budzianowski WM, editor. Energy Efficient Solvents for CO2 Capture by Gas-Liquid Absorption: Compounds, 
Blends and Advanced Solvent Systems. Cham: Springer International Publishing; 2017. p. 99-116. 
[132] Liu J, Wang S, Zhao B, Qi G, Chen C. Study on mass transfer and kinetics of CO2 absorption into aqueous 
ammonia and piperazine blended solutions. Chemical Engineering Science. 2012;75:298-308. 
[133] Yu J, Wang S, Yu H. Experimental studies and rate-based simulations of CO2 absorption with aqueous 
ammonia and piperazine blended solutions. International Journal of Greenhous  Gas Control. 2016;50:135-46. 
[134] Yu H, Xiang Q, Fang M, Yang Q, Feron P. Promoted CO2 absorption in aqueous ammonia. Greenhouse 
Gases: Science and Technology. 2012;2:200-8. 
[135] Chang H, Shih CM. Simulation and Optimization for Power Plant Flue Gas COβ Absorption佻Stripping 
Systems. Separation Science and Technology. 2005;40:877-909. 
[136] Rayer AV, Sumon KZ, Sema T, Henni A, Idem RO, Tontiwachwut ikul P. Part 5c: Solvent chemistry: 
solubility of CO2 in reactive solvents for post-combustion CO2. Carbon Management. 2012;3:467-84. 
[137] Chung P-Y, Soriano AN, Leron RB, Li M-H. Equilibrium solubility of carbon dioxide in the amine solvent 
system of (triethanolamine+piperazine+water). The Journal of Chemical Thermodynamics. 2010;42:802-7. 
[138] Fu D, Wang L, Mi C, Zhang P. Absorption capacity and viscosity for CO2 capture process using high 
concentrated PZ-DEAE aqueous solution. The Journal of Chemical Thermodynamics. 2016;101:123-9. 
[139] Samanta A, Bandyopadhyay SS. Absorption of carbon dioxide into piperazine activated aqueous N-
methyldiethanolamine. Chemical Engineering Journal. 2011;171:734-41. 
[140] Puxty G, Rowland R. Modelling CO2 Mass Transfer in Amine Mixtures: PZ-AMP and PZ-MDEA. 
Environmental Science & Technology. 2011;45:2398-405. 
[141] Guo C, Chen S, Zhang Y. Solubility of Carbon Dioxide in Aqueous 2-(2-Aminoethylamine)ethanol (AEEA) 
Solution and Its Mixtures with N-Methyldiethanolamine/2-Amino-2-methyl-1-propanol. Journal of Chemical & 
Engineering Data. 2013;58:460-6. 
[142] Najafloo A, Zoghi AT, Feyzi F. Measuring solubility of carbon dioxide in aqueous blends of N-
methyldiethanolamine and 2-((2-aminoethyl)amino)ethanol at low CO2 loadings and modelling by electrolyte 
SAFT-HR EoS. The Journal of Chemical Thermodynamics. 2015;82:143-55. 
[143] Bajpai A, Mondal MK. Equilibrium Solubility of CO2 in Aqueous Mixtures of DEA and AEEA. Journal of 
Chemical & Engineering Data. 2013;58:1490-5. 
[144] Zoghi AT, Feyzi F, Zarrinpashneh S. Experimental investigation on the effect of addition of amine activators 
to aqueous solutions of N-methyldiethanolamine on the rate of carbon dioxide absorption. International Journal 
of Greenhouse Gas Control. 2012;7:12-9. 
[145] Arshad MW, Fosbøl PL, von Solms N, Svendsen HF, Thomsen K. Heat of Absorption of CO2 in Phase 
Change Solvents: 2-(Diethylamino)ethanol and 3-(Methylamino)propylamine. Journal of Chemical & 
Engineering Data. 2013;58:1974-88. 
38 
 
[146] Arshad MW, Svendsen HF, Fosbøl PL, von Solms N, Thomsen K. Equilibrium Total Pressure and CO2 
Solubility in Binary and Ternary Aqueous Solutions of 2-(Diethylamino)ethanol (DEEA) and 3-
(Methylamino)propylamine (MAPA). Journal of Chemical & Engineering Data. 2014;59:764-74. 
[147] Pinto DDD, Zaidy SAH, Hartono A, Svendsen HF. Evaluation of a phase change solvent for CO2 capture: 
Absorption and desorption tests. International Journal of Greenhouse Gas Control. 2014;28:318-27. 
[148] Xu Z, Wang S, Qi G, Liu J, Zhao B, Chen C. CO2 absorption by biphasic solvents: comparison with lower 
phase alone. Oil & Gas Science and Technology–Revue d’IFP Energies nouvelles. β014;69:851-64. 
[149] Hu L, Choi G. Post-Combustion CO2 Capture for Existing PC Boilers by Self-Concentrating Absorbent.  
NETL CO2 Capture Technology Meeting2012. 
[150] Zhou X, Liu F, Lv B, Zhou Z, Jing G. Evaluation of the novel biphasic solvents for CO2 capture: 
Performance and mechanism. International Journal of Greenhouse Gas Control. 2017;60:120-8. 
[151] Gondal S, Asif N, Svendsen HF, Knuutila H. Density and N2O solubility of aqueous hydroxide and 
carbonate solutions in the temperature range from 25 to 80°C. Chemical Engineering Science. 2015;122:307-20. 
[152] Gondal S, Asif N, Svendsen HF, Knuutila H. Kinetics of the absorption of carbon dioxide into aqueous 
hydroxides of lithium, sodium and potassium and blends of hydroxi es and carbonates. Chemical Engineering 
Science. 2015;123:487-99. 
[153] Ciftja AF, Hartono A, Svendsen HF. Selection of Amine Amino Acids Salt Systems for CO2 Capture. 
Energy Procedia. 2013;37:1597-604. 
[154] Hamzehie ME, Najibi H. CO2 solubility in aqueous solutions of potassium prolinate and (potassium 
prolinate + 2-amino-2-methyl-1-propanol) as new absorbents. Journal of Natural Gas Science and Engineering. 
2016;34:356-65. 
[155] Kaewsichan L, Al-Bofersen O, Yesavage VF, Selim MS. Predictions of the solubility of acid gases in 
monoethanolamine (MEA) and methyldiethanolamine (MDEA) solutions using the electrolyte-UNIQUAC 
model. Fluid Phase Equilibria. 2001;183–184:159-71. 
[156] Zong L, Chen C-C. Thermodynamic modelling of CO2 and H2S solubilities in aqueous DIPA solution, 
aqueous sulfolane–DIPA solution, and aqueous sulfolane–MDEA solution with electrolyte NRTL model. Fluid 
Phase Equilibria. 2011;306:190-203. 
[157] Ghanbarabadi H, Khoshandam B. Simulation and comparison of Sulfinol solvent performance with Amine 
solvents in removing sulfur compounds and acid gases from natural sour gas. Journal of Natural Gas Science and 
Engineering. 2015;22:415-20. 
[158] Dash SK, Bandyopadhyay SS. Studies on the effect of addition of piperaz ne and sulfolane into aqueous 
solution of N-methyldiethanolamine for CO2 capture and VLE modelling using eNRTL equation. International 
Journal of Greenhouse Gas Control. 2016;44:227-37. 
[159] Luo W, Guo D, Zheng J, Gao S, Chen J. CO2 absorption usig b phasic solvent: Blends of 
diethylenetriamine, sulfolane, and water. International Journal of Greenhouse Gas Control. 2016;53:141-8. 
[160] Yu C-H, Wu T-W, Tan C-S. CO2 capture by piperazine mixed with non-aqueous solvent diethylene glycol 
in a rotating packed bed. International Journal of Greenhouse Gas Control. 2013;19:50 -9. 
[161] Shamiri A, Shafeeyan MS, Tee HC, Leo CY, Aroua MK, Aghamoham di N. Absorption of CO2 into 
aqueous mixtures of glycerol and monoethanolamine. Journal of Natural Gas Science and Engineering. 
2016;35:605-13. 
[162] Babamohammadi S, Shamiri A, Nejad Ghaffar Borhani T, Shafeeyan MS, Aroua MK, Yusoff R. Solubility 
of CO2 in aqueous solutions of glycerol and monoethanolamine. Journal of Molecular Liquids. 2018;249:40-52. 
[163] Jie G, Jun Y, Feifei Z, Xin C, Ming T, Wanzhong K, et al. Study on Absorption and Regeneration 
Performance of Novel Hybrid Solutions for CO2 Capture. China Petroleum Processing and Petrochemical 
Technology. 2016;18:66-72. 
[164] Zheng S, Tao M, Liu Q, Ning L, He Y, Shi Y. Capturing CO2 into the Precipitate of a Phase-Changing 
Solvent after Absorption. Environmental Science & Technology. 2014;48:8905-10. 
[165] Mumford KA, Mirza NR, Stevens GW. Review: Room Temperature Ionic Liquids and System Designs for 
CO2 Capture. Energy Procedia. 2017;114:2671-4. 
[166] Feng Z, Jing-Wen M, Zheng Z, You-Ting W, Zhi-Bing Z. Study on the absorption of carbon dioxide in high 
concentrated MDEA and ILs solutions. Chemical Engineering Journal. 2012;181-182:222-8. 
[167] Zhao Y, Zhang X, Zeng S, Zhou Q, Dong H, Tian X, et al. Density, V scosity, and Performances of Carbon 
Dioxide Capture in 16 Absorbents of Amine + Ionic Liquid + H2O, Ionic Liquid + H2O, and Amine + H2O 
Systems. Journal of Chemical & Engineering Data. 2010;55:3513-9. 
[168] Yang J, Yu X, Yan J, Tu S-T. CO2 Capture Using Amine Solution Mixed with Ionic Liquid. Industrial & 
Engineering Chemistry Research. 2014;53:2790-9. 
[169] Bernard FL, Dalla Vecchia F, Rojas MF, Ligabue R, Vieira MO, Costa EM, et al. Anticorrosion Protection 
by Amine–Ionic Liquid Mixtures: Experiments and Simulations. Journal of Chemical & Engineering Data. 
2016;61:1803-10. 
39 
 
[170] Yang J, Yu X, An L, Tu S-T, Yan J. CO2 capture with the absorbent of a mixed ionic liquid and amine 
solution considering the effects of SO2 and O2. Applied Energy. 2017;194:9-18. 
[171] Hasib-ur-Rahman M, Siaj M, Larachi F. CO2 capture in alkanolamine/room-temperature ionic liquid 
emulsions: A viable approach with carbamate crystallization and curbed corrosion behaviour. International 
Journal of Greenhouse Gas Control. 2012;6:246-52. 
[172] Carrera GVSM, Visak Z, Bogel-Lukasik R, Nunes da Ponte M. VLE of CO2 + glycerol + (ethanol or 1-
propanol or 1-butanol). Fluid Phase Equilibria. 2011;303:180-3. 
[173] Pinto LF, Ndiaye PM, Ramos LP, Corazza ML. Phase equilibrium data of the system CO 2+ glycerol+ 
methanol at high pressures. The Journal of Supercritical Fluids. 2011;59:1-7. 
[174] Araújo OA, Ndiaye PM, Ramos LP, Corazza ML. Phase behaviour measurement for the system CO 2+ 
glycerol+ ethanol at high pressures. The Journal of Supercritical Fluids. 2012;6 :41-6. 
[175] Xu S, Wang Y-W, Otto FD, Mather AE. The physicochemical properties of the mixed solvent of 2-
piperidineethanol, sulfolane and water. Journal of Chemical Technology & Biotechnology. 1993;56:309-16. 
[176] Li Y-G, Mather AE. Correlation and Prediction of the Solubility of CO2 and H2S in an Aqueous Solution 
of 2-Piperidineethanol and Sulfolane. Industrial & Engineering Chemistry Research. 1998;37:3098-104. 
[177] Li X, Hou M, Zhang Z, Han B, Yang G, Wang X, et al. Absorption of CO2 by ionic liquid/polyethylene 
glycol mixture and the thermodynamic parameters. Green Chemistry. 2008;10:879-84. 
[178] Aghaie M, Rezaei N, Zendehboudi S. Assessment of carbon dioxide solubility in ionic liquid/toluene/water 
systems by extended PR and PC-SAFT EOSs: Carbon capture implication. Jour al of Molecular Liquids. 
2019;275:323-37. 
[179] Tennyson R, Schaaf R. Guidelines can help choose proper process for gas-treating plants. Oil Gas J. 
1977;75:78. 
[180] Veawab A, Aroonwilas A, Chakma A, Tontiwachwuthikul P. Solvent formulation for CO2 separation from 
flue gas streams.  First National Conference on Carbon Sequestration, Washington, DC2001. 
[181] Hoff KA, Silva EFd, Kim I, Grimstvedt A, Ma’mun S. Solvent development in post combustion COβ 
capture-Selection criteria and optimization of solvent performance, cost and environmental impact. Energy 
Procedia. 2013;37:292-9. 
[182] Liang Z, Fu K, Idem R, Tontiwachwuthikul P. Review on current advances, future challenges and 
consideration issues for post-combustion CO2 capture using amine-based absorbents. Chinese Journal of 
Chemical Engineering. 2016;24:278-8 . 
[183] Mota-Martinez MT, Hallett JP, Mac Dowell N. Solvent selection and design for CO2 capture – how we 
might have been missing the point. Sustainable Energy & Fuels. 2017;1:2078-90. 
[184] Ma’mun S, Svendsen HF, Hoff KA, Juliussen O. Selection of new absorbents for carbon dioxide capture. 
Energy Conversion and Management. 2007;48:251-8. 
[185] Singh P, Niederer JPM, Versteeg GF. Structure and activity relationships for amine based CO2 absorbents—
I. International Journal of Greenhouse Gas Control. 2007;1:5-10. 
[186] Aschenbrenner O, Styring P. Comparative study of solvent properties for carbon dioxide absorption. Energy 
& Environmental Science. 2010;3:1106-13. 
[187] Chowdhury FA, Okabe H, Yamada H, Onoda M, Fujioka Y. Synthesis and selection of hindered new amine 
absorbents for CO2 capture. Energy Procedia. 2011;4:201-8. 
[188] Chowdhury FA, Yamada H, Higashii T, Goto K, Onoda M. CO2 capture by tertiary amine absorbents: a 
performance comparison study. Industrial & Engineering Chemistry Research. 2013;52:8323-31. 
[189] Barzagli F, Mani F, Peruzzini M. A Comparative Study of the CO2 Absorption in Some Solvent-Free 
Alkanolamines and in Aqueous Monoethanolamine (MEA). Environmental Science & Technology. 
2016;50:7239-46. 
[190] Zhang Y, Ji X, Xie Y, Lu X. Screening of conventional ionic liquids for carbon dioxide capture and 
separation. Applied Energy. 2016;162:1160-70. 
[191] Muchan P, Saiwan C, Narku-Tetteh J, Idem R, Supap T, Tontiwachwuthikul P. Screening tests of aqueous 
alkanolamine solutions based on primary, secondary, and tertiary structure for blended aqueous amine solution 
selection in post combustion CO2 capture. Chemical Engineering Science. 2017;170:574-82. 
[192] Borhani TNG, Akbari V, Afkhamipour M, Hamid MKA, Manan ZA. Comparison of equilibrium and non-
equilibrium models of a tray column for post-combustion CO2 capture using DEA-promoted potassium carbonate 
solution. Chemical Engineering Science. 2015;122:291-8. 
[193] Burr B, Lyddon L. A comparison of physical solvents for acid gas removal.  87th Annual Gas Processors 
Association Convention, Grapevine, TX, March2008. p. 2-5
[194] Kothandaraman A, Nord L, Bolland O, Herzog HJ, McRae GJ. Comparison of solvents for post-combustion 
capture of CO2 by chemical absorption. Energy Procedia. 2009;1:1373-80. 
[195] Urech J. A Techno Assessment of Different Solvent-based Capture Technologies Within an IGCC-CCS 
Power-station: Monash University, Faculty of engineering; 2012. 
40 
 
[196] Sharifzadeh M, Shah N. Comparative studies of CO2 capture solvents for gas-fired power plants: Integrated 
modelling and pilot plant assessments. International Journal of Greenhouse Gas Control. 2015;43:124-32. 
[197] Sharifzadeh M, Bumb P, Shah N. Carbon capture from pulverized coal power plant (PCPP): Solvent 
performance comparison at an industrial scale. Applied Energy. 2016;163:423-35. 
[198] Chen W-H, Chen S-M, Hung C-I. Carbon dioxide capture by single droplet using Selexol, Rectisol and 
water as absorbents: A theoretical approach. Applied Energy. 2013;111:731-41. 
[199] Koytsoumpa EI, Atsonios K, Panopoulos KD, Karellas S, Kakaras E, Karl J. Modelling and assessment of 
acid gas removal processes in coal-derived SNG production. Applied Thermal Engineeri . 2015;74:128-35. 
[200] Shakerian F, Kim K-H, Szulejko JE, Park J-W. A comparative review b t een amines and ammonia as 
sorptive media for post-combustion CO2 capture. Applied Energy. 2015;148:10-22. 
[201] Benamor A, Aroua MK. Modelling of CO2 solubility and carbamate concentration in DEA, MDEA and 
their mixtures using the Deshmukh–Mather model. Fluid Phase Equilibria. 2005;231:150-62. 
[202] Al-Rashed OA, Ali SH. Modelling the solubility of CO 2 and H 2 S in DEA–MDEA alkanolamine solutions 
using the electrolyte–UNIQUAC model. Separation and purification technology. 2012;94:71-83. 
[203] Rodriguez J, Mac Dowell N, Llovell F, Adjiman C, Jackson G, Galindo A. Modelling the fluid phase 
behaviour of aqueous mixtures of multifunctional alkanolamines and carbon dioxide using transferable parameters 
with the SAFT-VR approach. Molecular Physics. 2012;110:1325-48. 
[204] Chremos A, Forte E, Papaioannou V, Galindo A, Jackson G, Adjiman C. Modelling the fluid phase 
behaviour of multifunctional alkanolamines and carbon dioxide using the SAFT-け approach. Chem Eng Trans. 
2013;35:427-32. 
[205] Lei Z, Dai C, Wang W, Chen B. UNIFAC model for ionic liquid-CO2 systems. AIChE Journal. 
2014;60:716-29. 
[206] Palomar J, Gonzalez-Miquel M, Polo A, Rodriguez F. Understanding the Physical Absorption of CO2 in 
Ionic Liquids Using the COSMO-RS Method. Industrial & Engineering Chemistry Research. 2011;50:3452-63. 
[207] Jaschik M, Piech D, Warmuzinski K, Jaschik J. Prediction of Gas Solubility in Ionic Liquids Using the 
Cosmo-Sac Model.  Chemical and Process Engineering2017. p. 19. 
[208] Zhang X, Liu Z, Wang W. Screening of ionic liquids to capture CO2 by COSMO-RS and experiments. 
AIChE Journal. 2008;54:2717-28. 
[209] Liu X, Huang Y, Zhao Y, Gani R, Zhang X, Zhang S. Ionic Liquid Design and Process Simulation for 
Decarbonization of Shale Gas. Industrial & Engineering Chemistry Research. 2016;55:5931-44. 
[210] Retief FJG. A novel approach to solvent screening for post-combustion carbon dioxide capture with 
chemical absorption: Stellenbosch: Stellenbosch University; 2012. 
[211] Borhani TNG, Saniedanesh M, Bagheri M, Lim JS. QSPR prediction of the hydroxyl radical rate constant 
of water contaminants. Water Research. 2016;98:344-53. 
[212] Borhani TNG, Bagheri M, Manan ZA. Molecular modelling of the ideal gas enthalpy of formation of 
hydrocarbons. Fluid Phase Equilibria. 2013;360:423-34. 
[213] Matsuda H, Yamamoto H, Kurihara K, Tochigi K. Computer-aided reverse dsign for ionic liquids by QSPR 
using descriptors of group contribution type for ionic conductivities and viscosities. Fluid Phase Equilibria. 
2007;261:434-43. 
[214] Venkatraman V, Gupta M, Foscato M, Svendsen HF, Jensen VR, Alsberg BK. Computer-aided molecular 
design of imidazole-based absorbents for CO2 capture. International Journal f Greenhouse Gas Control. 
2016;49:55-63. 
[215] Das RN, Roy K. Advances in QSPR/QSTR models of ionic liquids for the design of greener solvents of the 
future. Molecular Diversity. 2013;17:151-96. 
[216] Porcheron F, Jacquin M, El Hadri N, Saldana DA, Goulon A, Faraj A. Graph Machine Based-QSAR 
Approach for Modelling Thermodynamic Properties of Amines: Application to CO2 Capture in Postcombustion. 
Oil Gas Sci Technol – Rev IFP Energies nouvelles. 2013;68:469-86. 
[217] Papadopoulos AI, Badr S, Chremos A, Forte E, Zarogiannis T, Seferlis P, et al. Efficient screening and 
selection of post-combustion CO2 capture solvents. CHEMICAL ENGINEERING. 2014;39. 
[218] Lampe M, Stavrou M, Schilling J, Sauer E, Gross J, Bardow A. Computer-aided molecular design in the 
continuous-molecular targeting framework using group-contribution PC-SAFT. Computers & Chemical 
Engineering. 2015;81:278-7. 
[219] Ng LY, Chong FK, Chemmangattuvalappil NG. Challenges and opportunities i  computer-aided molecular 
design. Computers & Chemical Engineering. 2015;81:115-29. 
[ββ0] Rafiqul G, Bjarne N, Aage F. A group contribution approach to computer佻aided molecular design. AIChE 
Journal. 1991;37:1318-32. 
[221] Austin ND, Sahinidis NV, Trahan DW. Computer-aided molecular design: An introduction and review of 
tools, applications, and solution techniques. Chemical Engineering Research and Design. 2016;116:2-26. 
41 
 
[222] Visco DP, Pophale RS, Rintoul MD, Faulon J-L. Developing a methodology for an inverse quantitative 
structure-activity relationship using the signature molecular descriptor. Jou nal of Molecular Graphics and 
Modelling. 2002;20:429-38. 
[223] Adjiman CS, Galindo A, Jackson G. Molecules matter: the expanding envelope of process design.  
Proceedings of the 8th International Conference on Foundations of Computer-Aided Process Design: Elsevier, 
Amsterdam; 2014. p. 55-64. 
[224] Chong FK, Chemmangattuvalappil NG, Eljack FT, Atilhan M, Foo DCY. Designing ionic liquid solvents 
for carbon capture using property-based visual approach. Clean Technologies and Environmental Policy. 
2016;18:1177-88. 
[225] Papadopoulos AI, Badr S, Chremos A, Forte E, Zarogiannis T, Seferlis P, et al. Computer-aided molecular 
design and selection of CO2 capture solvents based on thermodynamics, reactivity and sustainability. Molecular 
Systems Design & Engineering. 2016;1:313-34. 
[226] Zarogiannis T, Papadopoulos AI, Seferlis P. Systematic selection of amine mixtures as post-combustion 
CO2 capture solvent candidates. Journal of Cleaner Production. 2016;136:159-75. 
[227] Bardow A, Steur K, Gross J. A continuous targeting approach for integrated solvent and process design 
based on molecular thermodynamic models. Computer Aided Chemical Engineering. 2009;27:813-8. 
[228] Wilcox J, Rochana P, Kirchofer A, Glatz G, He J. Revisiting film theory to consider approaches for 
enhanced solvent-process design for carbon capture. Energy & Environmental Science. 2014;7:1769-85. 
[229] Burger J, Papaioannou V, Gopinath S, Jackson G, Galindo A, Adjiman CS. A hierarchical method to 
integrated solvent and process design of physical COβ absorption using the SAFT佻け Mie approach. AIChE 
Journal. 2015. 
[230] Eden MR, Jørgensen SB, Gani R, El-Halwagi MM. A novel framework for simultaneous separation process 
and product design. Chemical Engineering and Processing: Process Intensification. 2004;43:595-608. 
[231] Mac Dowell N, Galindo A, Jackson G, Adjiman C. Integrated solvent and process design for the reactive 
separation of CO 2 from flue gas. Computer Aided Chemical Engineering. 2010;28:1231-6. 
[232] Pereira FE, Keskes E, Galindo A, Jackson G, Adjiman CS. Integrated solv nt and process design using a 
SAFT-VR thermodynamic description: High-pressure separation of carbon dioxide and methane. Computers & 
Chemical Engineering. 2011;35:474-91. 
[233] Bardow A, Steur K, Gross J. Continuous-Molecular Targeting for Integrated Solvent and Process Design. 
Industrial & Engineering Chemistry Research. 2010;49:2834-40. 
[234] Stavrou M, Lampe M, Bardow A, Gross J. Continuous molecular targeting–computer-aided molecular 
design (CoMT–CAMD) for simultaneous process and solvent design for CO2 capture. Industrial & Engineering 
Chemistry Research. 2014;53:18029-41. 
[235] Salazar J, Diwekar U, Joback K, Berger AH, Bhown AS. Solvent Selection for Post-Combustion CO2 
Capture. Energy Procedia. 2013;37:257-64. 
[236] Qadir A, Chiesa M, Abbas A. In silico design of solvents for carbon capture with simultaneous optimisation 
of operating conditions. International Journal of Greenhouse Gas Control. 2014;30:179-87. 
[237] Papadokonstantakis S, Badr S, Hungerbühler K, Papadopoulos AI, Damartzis T, Seferlis P, et al. Chapter 
11 - Toward Sustainable Solvent-Based Postcombustion CO2 Capture: From Molecules to Conceptual Flowsheet 
Design. In: You F, editor. Computer Aided Chemical Engineering: Elsevier; 2015.p. 279-310. 
[238] Zhou T, Zhou Y, Sundmacher K. A hybrid stochastic–deterministic optimization approach for integrated 
solvent and process design. Chemical Engineering Science. 2017;159:207-16. 
[239] Papadopoulos AI, Seferlis P, Linke P. A framework for the integration of solvent and process design with 
controllability assessment. Chemical Engineering Science. 2017;159:154-76. 
[240] Li K, Leigh W, Feron P, Yu H, Tade M. Systematic study of aqueous monoethanolamine (MEA)-based 
CO2 capture process: Techno-economic assessment of the MEA process and it  improvements. Applied Energy. 
2016;165:648-59. 
[241] Cuéllar-Franca RM, Azapagic A. Carbon capture, storage and utilisation tech ologies: A critical analysis 
and comparison of their life cycle environmental impacts. Journal of CO2 Utilization. 2015;9:82-102. 
[242] Strube R, Pellegrini G, Manfrida G. The environmental impact of post-c mbustion CO2 capture with MEA, 
with aqueous ammonia, and with an aqueous ammonia-ethanol mixture for a coal-fired power plant. Energy. 
2011;36:3763-70. 
[243] Grant T, Anderson C, Hooper B. Comparative life cycle assessment of potassium carbonate and 
monoethanolamine solvents for CO2 capture from post combustion flue gases. International Journal of 
Greenhouse Gas Control. 2014;28:35-44. 
[244] Narimani M, Amjad-Iranagh S, Modarress H. CO2 absorption into aqueous solutions of monoethanolamine, 
piperazine and their blends: Quantum mechanics and molecular dynamics studies. Journal of Molecular Liquids. 
2017;233:173-83. 
 
